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Preface

The Agency for Healthcare Research and Quality (AHRQ), through its Evidence-based
Practice Centers (EPCs), sponsors the development of systematic reviews to assist public- and
private-sector organizations in their efforts to improve the quality of health care in the United
States. These reviews provide comprehensive, science-based information on common, costly
medical conditions, and new health care technologies and strategies.

Systematic reviews are the building blocks underlying evidence-based practice; they focus
attention on the strength and limits of evidence from research studies about the effectiveness and
safety of a clinical intervention. In the context of developing recommendations for practice,
systematic reviews can help clarify whether assertions about the value of the intervention are
based on strong evidence from clinical studies. For more information about AHRQ EPC
systematic reviews, see www.effectivehealthcare.ahrq.gov/reference/purpose.cfm.

AHRQ expects that these systematic reviews will be helpful to health plans, providers,
purchasers, government programs, and the health care system as a whole. Transparency and
stakeholder input are essential to the Effective Health Care Program. Please visit the Web site
(www.effectivehealthcare.ahrq.gov) to see draft research questions and reports or to join an
email list to learn about new program products and opportunities for input.

If you have comments on this systematic review, they may be sent by mail to the Task Order
Officer named below at: Agency for Healthcare Research and Quality, 5600 Fishers Lane,
Rockville, MD 20857, or by email to epc@ahrq.hhs.gov.

Richard G. Kronick, Ph.D. Arlene S. Bierman, M.D., M.S.
Director Director
Agency for Healthcare Research and Quality Center for Evidence and Practice Improvement

Agency for Healthcare Research and Quality

Stephanie Chang, M.D., M.P.H. Elisabeth U. Kato, M.D., M.R.P.
Director, EPC Program Task Order Officer
Center for Evidence and Practice Improvement Center for Evidence and Practice Improvement

Agency for Healthcare Research and Quality Agency for Healthcare Research and Quality
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Contrast-Induced Nephropathy: Comparative
Effectiveness of Preventive Measures

Structured Abstract

Objective. To evaluate the comparative effectiveness of interventions (intravenous [IV] fluids,
N-acetylcysteine, sodium bicarbonate, and statins, among others) to reduce the risk of contrast-
induced nephropathy (CIN), need for renal replacement therapy, mortality, cardiac
complications, prolonged length of stay, and other adverse events after receiving low-osmolar
contrast media (LOCM) or iso-osmolar contrast media (IOCM).

Data sources. We searched for original published studies in MEDLINE®, Embase®, and the
Cochrane Library through July 8, 2015. We also searched ClinicalTrials.gov and the Scopus
database.

Methods. Two reviewers independently reviewed each article for eligibility. For each study, one
reviewer extracted the data and a second reviewer verified the accuracy. Both reviewers assessed
study quality. Together, the reviewers graded the strength of evidence (SOE) on preventing CIN
and other adverse outcomes for the comparisons of interest. The team quantitatively pooled
results of studies that were sufficiently similar using a random-effects model. We considered a
25-percent relative risk difference to be clinically important.

Results. We found 163 randomized controlled trials (RCTs) and 23 prospective studies of
interventions to prevent CIN, including 67 RCTs comparing N-acetylcysteine with IV saline
versus [V saline with or without a placebo; 28 RCTs comparing IV sodium bicarbonate versus
IV saline; 7 RCTs comparing IV sodium bicarbonate versus N-acetylcysteine plus IV saline; 8
RCTs comparing a statin versus IV saline; 5 RCTs comparing a statin plus N-acetylcysteine
versus N-acetylcysteine; 6 RCTs comparing statin versus statin, statin by dose, or statins plus
other agents; 5 RCTs comparing an adenosine antagonist versus IV saline; 6 RCTs investigating
hemodialysis or hemofiltration versus IV saline; 6 RCTs comparing ascorbic acid versus [V
saline, and 3 RCTs comparing ascorbic acid to N-acetylcysteine. Although we found many
studies investigating other interventions, the studies were too small and too few to support
conclusions regarding the comparative effectiveness of those interventions. The studies were
published between 1998 and 2015.

The SOE was low that high-dose [>1,200 mg/day] N-acetylcysteine had a small clinically
unimportant effect in preventing CIN when compared with IV saline (pooled risk ratio [RR],
0.78; 95% confidence interval [CI], 0.59 to 1.03); and the SOE was low that low-dose [<1,200
mg/day] N-acetylcysteine had a borderline clinically important effect in preventing CIN when
compared with IV saline (RR, 0.75; 95% CI, 0.63 to 0.89). A sensitivity analysis suggests the
effect was clinically important when N-acetylcysteine was given for LOCM (moderate SOE; RR,
0.69; 95% CI, 0.58 to 0.84), but not when it was given for IOCM (low SOE; RR, 1.12; 95% CI,
0.74 to 1.69). Another sensitivity analysis found that the RR estimates did not differ between IV
and intra-arterial routes of administration of contrast media. The SOE was low that using a statin
plus N-acetylcysteine was more effective than N-acetylcysteine alone in preventing CIN in
patients receiving intra-arterial contrast media (RR, 0.52; 95% CI, 0.29 to 0.93), and the SOE
was low for a clinically important difference that was not statistically significant when

viil



comparing a statin plus I'V saline to IV saline alone (RR, 0.68; 95% CI, 0.39 to 1.20). The SOE
was low that IV sodium bicarbonate did not differ from IV saline in the risk of CIN (RR, 0.93;
95% CI, 0.68 to 1.27). The SOE was low for a clinically important reduction in CIN that was not
statistically significant when comparing IV sodium bicarbonate with IV saline in patients
receiving LOCM (RR, 0.65; 95% CI, 0.33 to 1.25). The SOE was low for a clinically important
reduction in CIN that was not statistically significant when comparing ascorbic acid with IV
saline (RR, 0.72; 95% CI, 0.48 to 1.01). The SOE was low that use of hemodialysis versus [V
saline to prevent CIN did not reduce the risk of CIN and may even be harmful (RR, 1.50; 95%
CI, 0.56 to 4.04).

Conclusions. The evidence shows a clinically important and statistically significant benefit in
studies of three comparisons: low-dose N-acetylcysteine compared with IV saline, N-
acetylcysteine compared with IV saline in patients receiving LOCM, and statins plus N-
acetylcysteine compared with N-acetylcysteine alone in patients receiving intra-arterial contrast
media. Future research is needed to determine whether statins can reduce CIN in patients
receiving IV contrast media, and to further define specific contexts in which patients could
benefit from use of N-acetylcysteine.
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Executive Summary

Background

The administration of iodinated contrast media is an essential component of many diagnostic
and therapeutic procedures that involve radiologic imaging. One important potential side effect
of iodinated contrast administration is contrast-induced nephropathy (CIN), defined as an
increase in serum creatinine of more than 25 percent or 0.5 mg/dL within 3 days of intravascular
administration of contrast media in the absence of an alternative etiology.! This definition of CIN
is the one most commonly used in the past in studies examining the risk, prevention, and
treatment of CIN. More recent definitions of acute kidney injury have not yet been used
extensively in the CIN literature.

The precise mechanism of CIN is not entirely understood. The leading theories are that CIN
results from hypoxic injury of the renal tubules induced by renal vasoconstriction or by direct
cytotoxic effects of the contrast media.>* Some experts have questioned whether acute kidney
injury occurring after intravascular administration of contrast media is caused by coexisting risk
factors and only coincidentally related to the contrast media, especially if contrast media are
administered through the intravenous route (IV).* Regardless of the precise etiology, however,
the development of acute kidney injury after use of intravascular contrast media remains a major
concern for clinicians.

Clinicians often worry about the possibility that intravascular administration of contrast
media could lead to acute or chronic kidney failure. The reported incidence of CIN varies, but it
is a leading cause of hospital-acquired kidney failure.’ Although renal function returns to normal
in most patients, the acute kidney injury may require renal replacement therapy or lead to chronic
kidney disease (CKD) in a small proportion of patients who develop CIN. Because of increasing
use of contrast media in radiologic and cardiologic procedures, and the increasing prevalence of
populations vulnerable to CIN (i.e., people having CKD, diabetes mellitus, or hypertension, as
well as the elderly), kidney failure due to CIN is a substantial concern.

Numerous strategies have been used to try to prevent CIN. These strategies include oral
hydration; volume expansion with sodium chloride or bicarbonate or a combination of both;
administration of N-acetylcysteine; withdrawal of metformin, angiotensin-converting enzyme
inhibitors, angiotensin II receptor blockers, or nonsteroidal anti-inflammatory drugs;
hemofiltration or hemodialysis; statins; use of low-osmolar or iso-osmolar nonionic contrast
media; and reducing the volume of contrast media administered. Despite these varied strategies,
no clear consensus exists in clinical practice about the most effective intervention to prevent or
reduce CIN. We therefore sought to perform a comprehensive systematic review of the
effectiveness of different measures for preventing CIN.

We also sought to determine whether the risk of CIN, and therefore the need for preventive
measures, varies according to route of administration, type of contrast media, or patient
characteristics. Intra-arterial procedures are thought to carry the highest risk of CIN, and
therefore most of the studies are in the population undergoing these procedures, while the need
for preventive strategies for patients undergoing IV procedures is more controversial. To better
understand the results, we separately analyze patients who received IV versus intra-arterial
contrast media, as these groups may have different risk profiles and susceptibility to CIN. We
also performed a separate analysis for patients receiving iso-osmolar contrast media (IOCM) or
low-osmolar contrast media (LOCM), the two types of contrast media in regular clinical use
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today in the United States. Finally, preventive measures may be more effective in patients at
higher risk of CIN, so we analyzed data by baseline risk when possible.

Key Question

In patients undergoing imaging studies requiring intravenous (V) or intra-
arterial contrast media, what is the comparative effectiveness of
interventions to prevent contrast-induced nephropathy for the outcomes of
incidence of contrast-induced nephropathy, chronic kidney disease, end
stage renal disease, mortality, and other adverse events?

a. How does the comparative effectiveness of prevention measures vary
by patient characteristics (known risk factors such as age,
comorbidity, glomerular filtration rate, or creatinine level)?

b. How does the comparative effectiveness of prevention measures vary
according to the type of contrast media used (i.e., low-osmolar
contrast media vs. iso-osmolar contrast media)?

c. How does the comparative effectiveness of prevention measures vary
by characteristics of the interventions (e.g., dose, duration, and
timing)?

Data Sources

We searched the following databases for primary studies published through July 8, 2015:
MEDLINE®, Embase®, and the Cochrane Library. In addition, we looked for conference
proceedings and other reports by searching the Scopus database. We reviewed the reference lists
of relevant articles and related systematic reviews to identify original journal articles and other
reports the database searches might have missed. We also searched ClinicalTrials.gov to identify
ongoing studies. We searched for publicly available data held by the U.S. Food and Drug
Administration.

Study Eligibility Criteria, Participants, and Interventions

We followed the population, interventions, comparators, outcomes, timing, and setting
(PICOTS) framework in developing the criteria for including studies in the review, and included
studies of patients of all ages with low, moderate, or high risk of developing CIN. We included
randomized controlled trials (RCTs) of any intervention to prevent CIN (including
administration of N-acetylcysteine, sodium bicarbonate solution, sodium chloride solution,
statins, adenosine antagonists, diuretics, vasoactive drugs, antioxidants, dopamine, and renal
replacement therapy) in which the study groups received either IOCM or LOCM via IV or intra-
arterial injection. Studies had to report on at least one of the outcomes listed in the Key Question.
We included observational studies where available for all comparisons of interest.
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Study Appraisal and Synthesis Methods

The titles and abstracts were independently screened by two reviewers. Inclusion at the title-
screening level was liberal; if a single reviewer believed an article might contain relevant
information, the article was moved to the abstract level for further screening. When reviewing
abstracts followed by the full text of articles, both reviewers had to agree on inclusion or
exclusion. Disagreements that could not be resolved by the two reviewers were resolved by a
third expert member of the team. At random intervals during screening, senior team members
performed quality checks to ensure that eligibility criteria were applied consistently.

We performed de novo meta-analyses of all studies on a given comparison if the studies were
similar by qualitative or statistical criteria. Pooled risks for large comparisons (18 or more
studies) were calculated using a random-effects model using the method of DerSimonian and
Laird.® For comparisons with fewer than 18 studies, we used the Knapp-Hartung small sample
estimator approach. This method allows for small sample adjustments to the variance estimates
and forms confidence intervals (CI) based on the t distribution with k - 1 degrees of freedom.’
Statistical heterogeneity was assessed using the I-squared statistic.

Two reviewers independently assessed each study’s risk of bias using five items from the
Cochrane Risk of Bias tool for randomized studies:®

e Was the allocation sequence adequately generated?

Was allocation adequately concealed?

Was knowledge of the allocated intervention adequately prevented during the study?
Were incomplete outcome data adequately addressed?

Are reports of the study free of suggestion of selective outcome reporting?

When assessing the risk of bias, we focused on the main outcome of interest, CIN, an
outcome that is objectively measured by laboratory testing. Study limitations were determined
for each comparison group for CIN and other reported outcomes. Study limitations were
determined using the following algorithm for a body of evidence. A body of evidence was
assessed as having high study limitations if greater than 50 percent of the studies scored negative
in one or more of the criteria. A body of evidence was assessed as having low study limitations if
most (51% or greater) of the studies scored positive in all five domains. Bodies of evidence not
meeting one of the above criteria were assessed as having medium study limitations.

The team graded the strength of evidence (SOE) on comparisons of interest for the key
outcomes. We used the grading scheme recommended in the Agency for Healthcare Research
and Quality Methods Guide for Effectiveness and Comparative Effectiveness Reviews’ and
considered all domains: study limitations, directness, consistency, precision, reporting bias, and
magnitude of effect.’

Following the guidance of the GRADE (Grading of Recommendations Assessment,
Development and Evaluation) Working Group,'® we rated evidence as precise if the total number
of patients exceeded an optimum information size and the 95% (CI) excluded a risk ratio of 1.0.
If the total number of patients exceeded the optimum information size and the 95% CI did not
exclude the possibility of no difference (i.e., risk ratio of 1.0), we rated the evidence as precise
only if the 95% CI excluded the possibility of a clinically important benefit or harm (i.e., risk
ratio less than 0.75 or greater than 1.25). For the main outcome of interest, CIN, we used an
optimum information size of 2,000 based on an expected 0.1 probability of CIN in the
comparison group and a minimally important relative risk difference of 25 percent. For less
frequent adverse outcomes, we used an optimum information size of 10,000 based on an
expected 0.02 probability in the comparison group and a minimally important relative risk
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difference of 25 percent. If only one study was available for a given comparison, we downgraded
the evidence for having unknown consistency. We classified the SOE pertaining to each
comparison into four category grades: high, moderate, low, and insufficient. The body of
evidence was considered high grade if study limitations were low and there were no problems in
any of the other domains, and it was subsequently downgraded for each domain in which a
problem was identified. If the magnitude of effect was very large, the SOE could be upgraded.

Observational studies were considered in grading the strength of a body of evidence if the
overall results of the observational studies were not similar to the RCTs applicable to the
comparison.

Organization of This Report

The following Results section reports on a number of comparisons. We report in detail on
comparisons for which substantial evidence exists, starting with the comparisons that have
received the most attention in the literature (N-acetylcysteine plus IV saline vs. IV saline, IV
sodium bicarbonate vs. IV saline, N-acetylcysteine plus IV saline vs. IV sodium bicarbonate,
statins plus IV saline vs. IV saline, adenosine antagonists plus IV saline vs. IV saline, renal
replacement therapy vs. IV saline, and ascorbic acid plus IV saline vs. IV saline). At the end of
the results section, we refer to information about other miscellaneous comparisons for which
there were too few studies to draw any conclusions. Details on those comparisons appear in
Appendixes H and I of the full report.

Results

The literature search revealed a total of 186 articles: 163 RCTs and 23 observational studies
on interventions for preventing CIN, including 67 RCTs (N = 13,176) on N-acetylcysteine versus
IV saline; 28 RCTs (N = 6,645) on IV sodium bicarbonate versus IV saline; 7 RCTs (N = 1,688)
on N-acetylcysteine versus sodium bicarbonate; 19 RCTs (N = 10,574) on statins (8 comparing a
statin to IV saline, 5 comparing a statin plus N-acetylcysteine to N-acetylcysteine, and 6 other
comparisons of statin versus statin, statin by dose, or statins plus other agents); 5 RCTs (N =
3,647) on adenosine antagonists; 6 RCTs (N = 790) on use of hemodialysis or hemofiltration to
prevent CIN; and 8 RCTs (N = 1,830) comparing ascorbic acid to IV saline (N = 6) or N-
acetylcysteine (N = 3).

We included in the meta-analyses 54 RCTs investigating N-acetylcysteine with IV saline
versus IV saline with or without a placebo (46 studies using only intra-arterial contrast media, 7
studies using IV contrast media, and 1 study that did not report the route of administration); 19
RCTs investigating the use of sodium bicarbonate versus IV saline (14 studies using only intra-
arterial contrast media, 2 studies using only IV contrast media, and 3 studies using either intra-
arterial or IV contrast media); 7 RCTs investigating use of IV sodium bicarbonate versus N-
acetylcysteine plus IV saline (6 studies using intra-arterial contrast media and 1 study using IV
contrast media); 8 RCTs investigating use of a statin versus a placebo or IV saline (all studies
using intra-arterial contrast media); 5 RCTs investigating the use of a statin plus N-
acetylcysteine versus N-acetylcysteine alone (all studies using intra-arterial contrast media); 3
RCTs investigating use of hemodialysis versus IV saline alone (all studies using intra-arterial
contrast media, 1 of which also included some patients receiving IV contrast media); 4 RCTs
investigating use of an adenosine antagonist with IV saline versus IV saline alone (3 studies
using intra-arterial contrast media and 1 study using IV contrast media); 6 studies investigating
the use of ascorbic acid versus IV saline (all studies using intra-arterial contrast media); and 3

ES-4



studies investigating the use of ascorbic acid versus N-acetylcysteine (all studies using intra-
arterial contrast media). The results of these studies were published between 1998 and 2015.

N-Acetylcysteine Versus IV Saline

Using a random-effects model to pool studies comparing N-acetylcysteine with IV saline
versus [V saline with or without a placebo, the pooled risk ratio for CIN was 0.78 (95% CI, 0.59
to 1.03) for high-dose N-acetylcysteine (>1,200 mg/day), indicating a small effect that is
clinically unimportant and statistically insignificant (p=0.075) with low SOE, and 0.75 (95% ClI,
0.63 to 0.89) for low-dose N-acetylcysteine (1,200 mg/day or less), indicating a borderline
clinically important effect. Sensitivity analyses revealed imprecise estimates of the pooled risk
ratio for CIN when stratified by route of administration of contrast media: 0.78 (95% CI, 0.55 to
1.12) for high-dose N-acetylcysteine when intra-arterial contrast media were used (high-dose N-
acetylcysteine with intra-arterial contrast media administration pooled risk ratio was run with
Knapp-Hartung method); 0.55 (95% CI, 0.12 to 2.62) for high-dose N-acetylcysteine when IV
contrast media were used; 0.77 (95% CI, 0.66 to 0.91) for low-dose N-acetylcysteine when intra-
arterial contrast media were used; and 0.62 (95% CI, 0.18 to 2.10) for low-dose N-acetylcysteine
when IV contrast media were used (low-dose N-acetylcysteine with IV contrast media
administration pooled risk ratio was run with Knapp-Hartung method). The pooled risk ratio was
0.69 (95% CI, 0.58 to 0.84) for N-acetylcysteine when LOCM was used, suggesting a clinically
important benefit, and 1.12 (95% CI, 0.74 to 1.69) for N-acetylcysteine when IOCM was used.
When we examined how the risk ratio estimates varied according to baseline characteristics of
the study population, we did not observe any meaningful difference by age, baseline renal
function, presence or absence of diabetes mellitus, or proportion of female patients. When we
examined how results of studies of N-acetylcysteine varied in forest plots organized by the
number of study limitations, we did not see any pattern indicative of a trend by study quality.
The SOE was low for all of the N-acetylcysteine versus IV saline comparisons except in the case
of administration of N-acetylcysteine and LOCM, the SOE was moderate.

The SOE was low that N-acetylcysteine with IV saline did not differ from IV saline with or
without a placebo in the need for renal replacement therapy, cardiac events, or length of
hospitalization. Most of the studies addressing these outcomes had important study limitations
(frequently lacking documentation of allocation concealment or blinding of participants and
personnel) and were consistent but imprecise. We found insufficient evidence to draw
conclusions about the effect of N-acetylcysteine on mortality. The results of observational
studies were similar to the RCTs.

IVV Sodium Bicarbonate Versus IV Saline

Using a random-effects model for studies comparing IV sodium bicarbonate versus IV saline,
the overall pooled risk ratio of CIN was 0.93 (95% CI, 0.68 to 1.27). The point estimate of the
risk ratio indicated a clinically unimportant difference in the risk of CIN. The associated CI ruled
out a clinically important increase in CIN but did not rule out the possibility of a clinically
important decrease in CIN. However, IV sodium bicarbonate was more effective than IV saline
in preventing CIN (pooled risk ratio, 0.65; 95% CI, 0.33 to 1.25), with a clinically important
benefit when given for studies with LOCM only, but not when given for studies with [OCM
(pooled risk ratio, 1.02; 95% CI, 0.70 to 1.48). The analysis for LOCM and IOCM subgroups
was completed with the Knapp-Hartung method. The SOE was low for this conclusion because
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most of the studies had important study limitations (frequently lacking documentation of
allocation concealment or blinding of participants and personnel) and inconsistent results.

The SOE also was low that IV sodium bicarbonate did not differ from IV saline in mortality
or the need for renal replacement therapy. Most of the studies addressing these outcomes had at
least one important study limitation (frequently lacking blinding of participants and personnel)
and were consistent but imprecise. We found insufficient evidence to draw conclusions about
how IV sodium bicarbonate compared with IV saline in the risk of cardiac events and length of
hospitalization. Two observational studies reported a beneficial effect of sodium bicarbonate in
reducing CIN.

N-Acetylcysteine Versus Sodium Bicarbonate

In the RCTs comparing IV sodium bicarbonate with the combination of N-acetylcysteine and
IV normal saline, using the Knapp-Hartung method, the pooled risk ratio for CIN was 1.11,
indicating no clinically important difference, and the studies were inconsistent and the 95% CI
was so wide (0.51 to 2.41) that we cannot rule out the possibility of either an important decrease
or important increase in risk of CIN. Therefore, the SOE was insufficient to support a conclusion
about the comparative effectiveness of these two interventions. The evidence also was
insufficient to draw conclusions about potential differences between the two interventions in
mortality, cardiac events, need for renal replacement therapy, or length of hospitalization. Two
observational studies compared N-acetylcysteine to sodium bicarbonate. One showed no
difference between interventions, and the other showed a higher incidence of CIN in patients
receiving sodium bicarbonate alone.

Statins

The SOE was low in studies that compared use of a statin plus IV fluids versus IV fluids
alone, showing a clinically important reduction in CIN with statin use that was not statistically
significant (pooled risk ratio, 0.68; 95% CI, 0.39 to 1.20). Because of the small number of
studies, the pooled risk ratio was determined with the Knapp-Hartung method. Eight studies with
a total population of 5,024 were included to reach this conclusion; five studies included only
patients with CKD, three included patients with cardiac issues, three included patients with
diabetes, and one study included participants from the general patient population. Half of these
studies had at least one important limitation (in allocation concealment or blinding of
participants and personnel) but were designed to measure CIN as the primary outcome and
consistently showed a benefit in reducing CIN in favor of the statin drug, with relatively precise
estimates. The number needed to treat was higher for statins than for high-dose N-acetylcysteine
despite having a lower pooled risk ratio estimate because of differences between the two groups
of studies in the baseline risk of CIN.

The SOE was insufficient that mortality, the need for renal replacement therapy, cardiac
events, and hospital length of stay did not differ between statins plus IV fluids versus IV fluids
alone. Most of the studies addressing these outcomes had at least one important study limitation
and were consistent but imprecise. One observational study showed results similar to the RCTs.

The pooled estimate of the risk ratio for statins plus N-acetylcysteine versus N-acetylcysteine
alone was both statistically significant and clinically important (pooled risk ratio, 0.52; 95% ClI,
0.29 to 0.93), with a number needed to treat of 18 (95% CI, 13.44 to 34.72). The pooled risk ratio
for statins plus N-acetylcysteine versus N-acetylcysteine was also calculated with the Knapp-
Hartung method. Three studies included CKD patients, two included patients with cardiac issues,
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and one had a general population. The CI was wide enough that a clinically unimportant
difference cannot be ruled out. The SOE was low and was limited by the imprecision of the
studies.

The SOE was insufficient that mortality, the need for renal replacement therapy, cardiac
events, and hospital length of stay did not differ between statins plus N-acetylcysteine versus N-
acetylcysteine alone. Most of the studies addressing these outcomes had at least one important
study limitation and were consistent but imprecise.

Adenosine Antagonists

The SOE was insufficient when studies compared adenosine antagonists plus IV saline
versus [V saline alone because the CI was so wide that we could not rule out either a clinically
important decrease or a clinically important increase in CIN (pooled risk ratio, 0.80; 95% CI,
0.01 to 44.48). The SOE was insufficient to make conclusions about the impact of adenosine
antagonists on the need for renal replacement therapy, cardiac events, mortality, or length of
hospitalization.

Renal Replacement Therapy

The pooled analysis for the three studies of hemodialysis compared with IV saline yielded a
pooled risk ratio of 1.50, which is consistent with a clinically important increased risk of CIN.
The corresponding 95% CI was 0.56 to 4.04, which is consistent with either an increased risk or
no important difference. Although the studies on hemodialysis had high risk of bias, the results
were consistent enough and precise enough to provide low SOE that hemodialysis does not
reduce the risk of CIN when compared with IV saline. Two RCTs compared hemofiltration to IV
saline and reported that patients with severe CKD may have a lower incidence of CIN with
hemofiltration, but the SOE was insufficient to support a conclusion. The SOE was insufficient
to make conclusions about the impact of using hemodialysis or hemofiltration on mortality,
cardiac events, the need for subsequent renal replacement therapy, or the length of
hospitalization.

Ascorbic Acid

From studies of the effect of ascorbic acid plus IV fluids compared with IV fluids alone, the
pooled risk ratio was 0.72 (95% CI, 0.48 to 1.01), indicating a clinically important effect that
was not statistically significant. The pooled estimate of the effect of ascorbic acid compared with
N-acetylcysteine demonstrated a clinically unimportant reduced risk of CIN with ascorbic acid
use that was associated with a wide CI (pooled risk ratio, 0.89; 95% CI, 0.34 to 2.30). The SOE
was low for both comparisons.

Other Comparisons

Although we found many studies investigating other interventions (Table A), the evidence
generally was insufficient to support conclusions regarding their comparative effectiveness.

ES-7



Table A. Miscellaneous comparisons for which evidence was insufficient

Intervention Comparisons
N-acetylcysteine Dialysis, ascorbic acid, nebivolol, atorvastatin,
aminophylline, theophylline, fenoldopam,
misoprostol
IV sodium bicarbonate Acetazolamide, long-term vs. short-term IV

sodium bicarbonate, 1V saline in 5% dextrose, oral
sodium bicarbonate

N-acetylcysteine plus IV sodium bicarbonate IV saline and N-acetylcysteine, furosemide plus
saline plus N-acetylcysteine, placebo plus sodium
bicarbonate, sodium bicarbonate

Diuretics (furosemide, mannitol, and acetazolamide) IV saline

Vasoactive agents (fenoldopam, calcium antagonists, | IV saline

angiotensin receptor blockers, angiotensin-converting
enzyme inhibitors, beta-blockers)

Antioxidants (probucol, pentoxifylline) Different hydration regimens

Fluid administration (various) Fluid administration (various)

Dopamine (or dopamine plus furosemide) Dopamine, furosemide, mannitol, IV saline
Discussion

Numerous interventions have been used in studies to reduce the risk of CIN. The greatest
reduction in CIN was seen with N-acetylcysteine in patients receiving LOCM (Low SOE), and
with statins plus N-acetylcysteine (Low SOE). All of the studies included in the statin meta-
analyses were of patients receiving intra-arterial contrast media, so no evidence exists on the
potential benefit of statins in patients receiving IV contrast media. In the analysis of N-
acetylcysteine plus IV saline compared with IV saline alone, there is also evidence of a clinically
important reduction in CIN when N-acetylcysteine plus IV saline was compared with IV saline
alone in patients receiving LOCM (low SOE). One study has questioned whether N-
acetylcysteine is effective at preventing CIN or if it simply reduces serum creatinine.!! This is an
important finding; however, the reduction in serum creatinine reported as significant was
measured at 4 hours, and it was insignificant at 48 hours, which was the timeframe for the
measure of CIN in this report. IV sodium bicarbonate did not appear to be any more effective
than IV saline (low SOE). However, a clinically important reduction in CIN was seen when
sodium bicarbonate with IV saline was compared with IV saline in studies using LOCM.
Ascorbic acid plus IV saline had a clinically important but statistically insignificant effect
compared with IV saline alone (low SOE). For other interventions and comparisons included in
this report, the SOE was insufficient to support a definite conclusion because, in general, the
studies had important limitations, the comparators varied too much, the effects were inconsistent
and imprecise, and the magnitude of effect was weak. Although usual care often involves
administration of IV fluids, the evidence was insufficient to support a conclusion about the
relative effectiveness of IV versus oral fluids, or whether fluids should be given before or after
the procedure.

Despite the large body of evidence on N-acetylcysteine, the SOE was low, primarily because
of limitations in the quality of many of the studies and inconsistency in results across studies,
with the possibility of an effect too small to be clinically meaningful. The low SOE helps to
explain why N-acetylcysteine is not used more often in clinical practice and why professional
organizations offer differing recommendations about the use of N-acetylcysteine to prevent CIN.
The joint American College of Cardiology/American Heart Association 2012 guideline
recommends against use of N-acetylcysteine for patients receiving intra-arterial contrast in
cardiac procedures.!'? In comparison, the 2012 Kidney Disease: Improving Global Outcomes
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(KDIGO) Clinical Practice Guideline for Acute Kidney Injury suggests using oral N-
acetylcysteine with IV fluids in patients at increased risk for CIN, while acknowledging that the
quality of evidence is very low.!* Although N-acetylcysteine is inexpensive and appears to be
safe, the evidence may not be strong enough to support a firm policy of routine use, especially in
the absence of stronger evidence on clinical outcomes other than the incidence of CIN.

For clinicians who want to reduce the risk of CIN in patients receiving LOCM or IOCM,
evidence of potential benefit was seen with use of a statin plus N-acetylcysteine compared with
N-acetylcysteine alone. The aggregate risk ratio was 0.52, suggesting a nearly 50 percent relative
reduction in risk of CIN, but the SOE was low. Despite previous systematic reviews highlighting
the existence of this evidence on the effectiveness of statins in lowering the risk of CIN, statins
are not used routinely in clinical practice to prevent CIN. Furthermore, we are not aware of any
professional guidelines recommending their use for this indication. It is possible that the findings
reported in the studies of statins could be partly explained by a direct effect of statins on
glomerular filtration rate that is independent of a protective effect on kidney function, as has
been reported in one study.!'* However, with increasing recognition of the beneficial cholesterol-
independent vascular effects of statins, it may be time to reassess the role of statins in preventing
CIN, especially since statins are readily available, easy to administer, and relatively inexpensive.

Our primary analysis showed that IV sodium bicarbonate did not produce a clinically
important decrease in CIN compared with IV saline, contrary to the conclusion of a recent meta-
analysis.'> This difference in conclusions can be attributed to the fact that the other meta-analysis
included five studies that used a combination of IV sodium bicarbonate and N-acetylcysteine,
which we excluded from our analysis of the effects of sodium bicarbonate. In a sensitivity
analysis, we found low SOE for a clinically important benefit in decreasing CIN when sodium
bicarbonate was used in studies with LOCM, but the difference was not statistically significant.
This finding suggests that [V sodium bicarbonate could have a role in preventing CIN, but only
in patients receiving LOCM.

Future Research

Future studies of the comparative effectiveness of interventions for preventing CIN should
stratify patients according to their baseline risk of CIN, especially since it may be difficult to
detect a treatment effect in patients having a low risk of CIN. Patients with normal or near-
normal serum creatinine may have a lower risk for developing CIN than those with higher serum
creatinine levels. Also, patients with risk factors for CKD have a higher risk of developing CIN
than patients without such risk factors. Unfortunately, we had a limited ability to stratify the
analysis according to baseline risk because almost all studies had a mixed patient population and
did not report the results separately by baseline risk.

More research could help to strengthen the evidence about whether N-acetylcysteine or IV
sodium bicarbonate would be beneficial in a particular clinical context, such as patients with an
increased risk of developing CIN who will be receiving LOCM. Given the evidence from our
primary analysis showing that IV sodium bicarbonate did not produce a clinically important
reduction in CIN compared with IV saline and did not differ in head-to-head comparisons with
N-acetylcysteine, it may be difficult to justify additional RCTs of IV sodium bicarbonate unless
they focus on particular groups of patients having a higher risk of developing CIN.

The clinically important benefit of statins demonstrated in this analysis provides a rationale
for further studies investigating whether the effect differs by statin dose, timing of
administration, type of contrast media, or baseline risk of the patient population. Further
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investigation into the findings on statins versus IV saline could be performed through
examination of the possible effect of risk modifiers, such as baseline kidney function, concurrent
use of nephrotoxic medications, and patient demographics. Future studies could explore the
effect of statins on reducing CIN when contrast media are administered intravenously. In
addition, studies could be done in individuals without cardiovascular risk factors to determine
whether the effectiveness of statin therapy in reducing CIN occurs in the absence of the
physiologic effects of statins on coexisting cardiovascular disease.

Little evidence exists on the comparative effectiveness of different regimens for giving fluids
to patients receiving contrast media, despite the fact that current clinical practice often involves
use of oral hydration alone for studies with IV contrast media. If oral hydration were shown to be
as effective as IV saline, it would be a simple and potentially cost-effective strategy for
preventing CIN. Unfortunately, very few studies investigated oral hydration versus IV saline.
Hence, more studies are needed to investigate the effectiveness of oral hydration versus IV
saline, especially for intra-arterial contrast procedures such as coronary angiography.

Finally, it is very difficult to apply the existing evidence to patients receiving IV contrast
media because the vast majority of studies focused on patients receiving intra-arterial contrast
media. The risk of CIN may be low enough with the IV administration of LOCM and IOCM to
make it very difficult to demonstrate the effectiveness of an intervention for preventing CIN. To
determine the effectiveness of interventions for preventing CIN in patients receiving IV contrast
media, it may be necessary to perform large studies of patients having a high risk for developing
CKD.

Regardless of which populations or interventions are involved, it is important that future
studies use an accepted definition of CIN and report outcomes beyond CIN that are important to
patients. Critical for future studies is more standardized reporting on adverse outcomes, such as
drug side effects, need for hemodialysis, length of hospitalization, quality of life, and mortality.

To develop more effective interventions for preventing CIN, it may be necessary to conduct
additional research on the pathophysiological mechanisms by which contrast media may
contribute to acute kidney injury. It would be important to differentiate the direct effects of
contrast media from other factors that can contribute to acute kidney injury in patients receiving
IV or intra-arterial contrast media.

Conclusions

From all the studies of interventions to reduce the risk of CIN, the evidence only shows a
clinically important and statistically significant benefit in studies of three comparisons: low-dose
N-acetylcysteine compared with IV saline, N-acetylcysteine compared with IV saline in patients
receiving LOCM, and statins plus N-acetylcysteine compared with N-acetylcysteine alone in
patients receiving intra-arterial contrast media. Additional research is needed to determine
whether statins can reduce CIN in patients receiving IV contrast media, and to further define
specific contexts in which patients could benefit from use of N-acetylcysteine.
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Introduction

Background

The administration of iodinated contrast media is an essential component of a number of
diagnostic and therapeutic procedures that involve radiologic imaging. One important potential
side-effect of iodinated contrast administration is contrast-induced nephropathy (CIN, see
Appendix A for a list of acronyms), defined as an increase in serum creatinine of more than 25
percent or 0.5 mg/dL within 3 days of intravascular administration of contrast media in the
absence of an alternative etiology.! This definition of CIN, or variations of it, is the one most
commonly used in the past by studies examining the risk, prevention, and treatment of CIN.
More recent consensus definitions of acute kidney injury, such as RIFLE? and AKIN,? have not
yet been used extensively in the CIN literature. Although some guidelines have employed the
term "contrast-induced acute kidney injury" (CI-AKI) instead of CIN, the vast majority of the
literature has used the older term, CIN, so we will use the older term in our report.

The precise mechanism of CIN is not entirely understood. The leading theories are that CIN
results from hypoxic injury of the renal tubules induced by renal vasoconstriction or by direct
cytotoxic effects of the contrast media.*> Some experts have questioned whether acute kidney
injury occurring after intravascular administration of contrast media is caused by co-existing risk
factors and only coincidentally related to the contrast media, especially if contrast media are
administered by the intravenous (IV) route. In a meta-analysis, McDonald et al., 2013 concluded
that the incidence of acute kidney injury was similar between patients receiving IV contrast
media and patients receiving an imaging procedure without contrast media. Regardless of the
precise etiology, however, the development of acute kidney injury after use of intravascular
contrast media remains a major concern for clinicians.®

Clinicians often worry about the possibility that intra-vascular administration of contrast
media in diagnostic or therapeutic procedures could lead to acute or chronic kidney failure.
Indeed, CIN is cited as a leading cause of hospital-acquired kidney failure.” Although renal
function returns to normal in most patients, acute kidney injury may require short-term renal
replacement therapy or may lead to chronic kidney disease and a need for long-term renal
replacement therapy. Clinicians are concerned about the risk of CIN because of increasing use of
contrast media in radiologic and cardiologic procedures, and the high prevalence of populations
vulnerable to CIN (i.e., people having chronic kidney disease, diabetes mellitus, or hypertension,
as well as the elderly). Various types of imaging studies or procedures use IV or intra-arterial
contrast media, including: IV pyelograms; brain, head and neck, body, or coronary computed
tomograms (CT); cerebral, cardiac, or peripheral vascular angiograms; and radiologic therapeutic
procedures. Contrast media is injected intravenously for CT and intra-arterially for angiograms
and related interventional procedures. More than 62 million CT studies were performed in the
United States in 2006 and the use of CT tripled between 1996 and 2010, from 52 studies per
1000 patients to 149 studies per 1000 patients.

The reported incidence of CIN varies, but a reasonable overall estimate is that it occurs in
about 2 percent of patients receiving intra-vascular contrast media.” Variation in the populations
studied makes it difficult to determine whether the incidence of CIN has increased over time.
Most of the estimates are derived from invasive angiographic studies, over the last few decades,
using intra-arterial contrast media, which may have a higher risk of CIN than imaging studies
using IV contrast media. One problem in determining the precise incidence of CIN is that many
patients do not remain hospitalized for enough time after contrast administration to make the



diagnosis. In addition, the use of serum creatinine as a marker of renal function has its
limitations. It is often difficult to exclude other possible etiologies of elevations in serum
creatinine. Furthermore, the incidence may vary according to the osmolality of contrast media
used. Although there is consensus that the risk of CIN is highest with high-osmolar contrast
media (HOCM), which has an osmolality five to eight times higher than plasma osmolality,
HOCM is no longer used in clinical practice. It is unclear whether or not the risk of CIN differs
between low-osmolar contrast media (LOCM), which has an osmolality two to three times
plasma osmolality, and iso-osmolar contrast media (IOCM), which is isotonic to plasma. It is
also often difficult to distinguish the effects of contrast media from the effects of physiologic
confounders that could elevate the serum creatinine in patients undergoing radiologic studies.
For example, blood flow to the kidneys could be compromised by emboli or vascular
compression from catheter manipulation.”!? Nevertheless, it is important to carefully examine
the evidence on the effectiveness of interventions for preventing CIN while taking into
consideration how the effectiveness may depend on factors such as the route of administration or
the type of contrast media being used.

Numerous strategies to prevent CIN have been used, including: oral fluids; volume
expansion with sodium chloride, sodium bicarbonate, or a combination of both; administration of
N-acetylcysteine, statins, angiotensin converting enzyme inhibitors, or angiotensin II receptor
blockers; withdrawal of nonsteroidal anti-inflammatory drugs; and hemofiltration or
hemodialysis. Withdrawal of metformin does not prevent CIN; it is discontinued before use of
contrast because acute kidney injury may lead to metformin-associated lactic acidosis. Recent
meta-analyses on the prevention of CIN have yielded contradictory results. A meta-analysis by
Sun et al., 2013 concluded that the evidence on use of IV N-acetylcysteine to prevent CIN was
too inconsistent to determine the efficacy.!! Another meta-analysis, performed by Loomba et al.,
2014,'? concluded that N-acetylcysteine may help to prevent CIN in patients undergoing
coronary angiography, but does not have any impact on clinical outcomes such as need for
dialysis or mortality. A meta-analysis by Xie et al., 2014'* concluded that statins given before
angiography are effective in preventing CIN, but the optimum dose and duration for statin use
are unknown. A recent review of randomized controlled trials (RCTs) of sodium bicarbonate
administration for prevention of CIN revealed the conflicting nature of the evidence, with some
studies showing benefit and others showing no benefit.'*

Despite the number of previous reviews, uncertainty persists about several issues, including:

1. The efficacy of oral fluids versus IV fluids in preventing CIN;!>16
2. The optimal timing (pre- versus post-contrast media administration or both), duration,
and type of IV fluids used to prevent CIN'7;
The efficacy of low versus high-dose N-acetylcysteine;
4. The efficacy of a combination of interventions, such as N-acetylcysteine plus sodium
bicarbonate;
The efficacy of statins, taking into consideration dose and duration of the medication;
The efficacy of vasoactive drugs;
7. The efficacy of hemodialysis and hemofiltration relative to the invasive nature and
cost of these interventions;
8. Whether any intervention is needed for IV contrast media procedures when there is
uncertainty about whether IV contrast media is associated with CIN; and
9. Effect of the volume of contrast media administered, and the possibility of preventing
CIN by keeping the volume of contrast media below a threshold.
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Guidelines around contrast media administration have been published by a number of
organizations. The 2007 American College of Radiology practice guideline focused on the
correct administration of contrast media and the patients who are most likely to benefit from
using LOCM instead of HOCM, rather than the evidence for or against different preventive
measures. Guidelines on the prevention of CIN were published in 2007 by the Canadian
Association of Radiologists,'!” and they were published following what they described as an “in-
depth literature search with critical review”’; however, no further details were included about the
methods. Guidelines were also issued in 2006 by the CIN Consensus Working Panel, an
international multidisciplinary group; these guidelines were based on an evidence review through
2005.2° One section of the 2012 Kidney Disease Improving Global Outcomes (KDIGO) Clinical
Practice Guideline for Acute Kidney Injury specifically addressed contrast-induced acute kidney
injury. The method of synthesis varied among these guidelines and many were based on
literature review and consensus opinions of clinical experts.?!

In light of the increasing use of contrast media in radiologic and cardiologic procedures, the
high prevalence of populations vulnerable to CIN (e.g., people having chronic kidney disease,
diabetes mellitus, or hypertension as well as the elderly), and discrepant results from prior
analyses, we sought to perform a comprehensive systematic review of this topic for the benefit of
clinicians who wish to prevent CIN in patients undergoing imaging studies.

Scope of the Review

We reviewed studies that assess the effectiveness of one or more measures for preventing
CIN in patients receiving either IOCM or LOCM, the two types of contrast media still in regular
use in the United States (Figure 1 and Table 1). We included studies that reported on specific
short-term or long-term outcomes (Table 2). When studies allowed, separate results for CIN
prevention were reported for intra-arterial compared to IV contrast.

Key Question

In patients undergoing imaging studies requiring intravenous (V) or intra-
arterial contrast media, what is the comparative effectiveness of
interventions to prevent contrast-induced nephropathy for the outcomes of
incidence of contrast-induced nephropathy, chronic kidney disease, end
stage renal disease, mortality, and other adverse events?

a. How does the comparative effectiveness of prevention measures vary
by patient characteristics (known risk factors such as age,
comorbidity, glomerular filtration rate, or creatinine level)?

b. How does the comparative effectiveness of prevention measures vary
according to the type of contrast media used (i.e., low-osmolar
contrast media vs. iso-osmolar contrast media)?

c. How does the comparative effectiveness of prevention measures vary
by characteristics of the interventions (e.g., dose, duration, and
timing)?



Figure 1. Analytic framework comparing the benefits and harms of different methods used to prevent contrast-induced nephropathy in
patients receiving low-osmolar or iso-osmolar contrast media

Preventive measures

(see Table 1)
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AKl=acute kidney injury; CIN=contrast induces nephropathy; CKD=chronic kidney disease; ESRD=end stage renal disease; IOCM=iso-osmolar contrast media; KQ=Key
Question; LOCM=low-osmolar contrast media; RRT=renal replacement therapy



Table 1. PICOTS (populations, interventions, comparisons, outcomes, timing, and setting) criteria
for defining the scope of the review

Populations

All adults and children undergoing procedures requiring low-osmolar or iso-osmolar contrast
media

All patients regardless of their risk of developing CIN (as defined by risk factors such as age,
cardiovascular and other comorbidity, creatinine level, etc.)

Patients using contrast media for any type of imaging study

Interventions

IV volume expansion with saline

IV volume expansion with sodium bicarbonate

IV volume expansion with saline and sodium bicarbonate

IV or oral N-acetylcysteine, high-dose

IV fluids without pharmacologic agents

IV fluids with pharmacologic agents*

Oral fluids

Oral statins

IV dopamine

IV fluids matched to urine output

Discontinuation of metformin because of concern about inducing lactic acidosis
Discontinuation of medications that could have adverse effects on kidney function (e.g.,
angiotensin converting enzyme inhibitors, angiotensin Il receptor blockers, diuretics, and non-
steroidal anti-inflammatory drugs)

Renal replacement therapy (e.g., hemodialysis or hemofiltration)

Comparators
(see Table 2)

Usual care vs. any of the interventions listed above

Volume expansion with saline vs. volume expansion with sodium bicarbonate

Volume expansion with saline vs. volume expansion with saline and sodium bicarbonate
Volume expansion with sodium bicarbonate vs. volume expansion with saline and sodium
bicarbonate

High-dose vs. low-dose N-acetylcysteine

Timing and duration of above

Outcomes

Short-term (<7 days):
a) Harms of prevention interventions
— Imaging delay
— Need for additional imaging
—  Fluid overload or heart failure
b) Renal function measures
— CIN as defined by change in serum creatinine or glomerular filtration rate
¢) Renal disease-specific outcomes
— Need for renal replacement therapy (dialysis or hemofiltration)
d) Other clinical outcomes
—  Mortality (in-hospital or within 7 days)
—  Cardiac outcomes
e) Prolonged hospital stay
Long-term (>7 days):
a) Renal function measures
— Development of chronic kidney disease, including end stage renal disease
— Rate of conversion to chronic kidney disease at 3 and 6 months
—  Chronic change in kidney function
b) Renal disease-specific outcomes
— Need for renal replacement therapy (dialysis, hemofiltration, or kidney transplant)
c) Other clinical outcomes
— Cardiac outcomes
—  Mortality in-hospital or at 3 or 6 months

Timing

For short-term outcomes, any followup during hospitalization or within 7 days of procedure
For long-term outcomes, followup for more than 7 days
For observational studies, followup for at least 2 years.

Setting

Inpatient and outpatient

CIN=contrast-induced nephropathy; I[V=intravenous

* Pharmacological agents include: angiotensin converting enzyme inhibitors, angiotensin receptor blockers, ascorbic acid,
calcium antagonists, theophylline, aminophylline, dopamine, fenoldopam mesylate, atrial natriuretic peptide, statins, mannitol,
MENSA fluid, allopurinol, furosemide, trimetazidine, anisodamine, probucol, and pentoxifylline.




Table 2. Major interventions for preventing contrast-induced nephropathy and main comparisons of interest (humber of studies/total

number of study participants)*

IV or Oral
NAC, low or
IV or Oral | High-Dose,
\% NAC, Plus IV Adenosine | RRT-HD Statins + v Ascorbic IV Fluids With
IV Saline | NaHCO3 | High-Dose | NaHCOs | Antagonists | or HF Statins NAC Dopamine Acid Other Drugs’
IV saline |13/4492% |28/6645 |18/5347 711745 5/475 6/790 8/5024 3/337 6/1025 21/2978
\% 4/773
NaHCOs
IV or oral |33/6270
NAC,
low-dose
IV or oral |67/13176 |7/1686 5/1477 3/583 23/4847
NAC, low
or high-
dose

ACE= angiotensin-converting enzyme; HD=hemodialysis; HF=hemofiltration; IV=IV; NAC=N-acetylcysteine; NaHCOs;=sodium bicarbonate; RRT=renal replacement therapy

*These are the comparisons that had sufficient evidence to merit inclusion in this systematic review.

T Pharmacological agents include: ACE inhibitors, angiotensin receptor blockers, calcium antagonists, theophylline, aminophylline, dopamine, fenoldopam mesylate, atrial
natriuretic peptide, statins, mannitol, MENSA fluid, allopurinol, furosemide, trimetazidine, anisodamine, probucol, and pentoxifline.
* Includes studies that compared all hydration regimens (oral and IV).




Organization of This Report

The following results section reports on a number of comparisons. We report in detail on
comparisons for which substantial evidence exists, starting with the comparisons that have
received the most attention in the literature (N-acetylcysteine plus IV saline versus IV saline, [V
sodium bicarbonate versus IV saline, N-acetylcysteine plus IV saline versus IV sodium
bicarbonate, statins plus IV saline versus IV saline, adenosine antagonists plus IV saline versus
IV saline, renal replacement therapy versus IV saline, and ascorbic acid plus IV saline versus IV
saline). At the end of the results section, we refer to information about other “miscellaneous
comparisons” for which the studies were too few or too small to draw conclusions. Details on
those comparisons appear in Appendixes H and L.



Methods

Topic Refinement and Protocol Review

We developed the Key Question with the input of a key informant panel that included:
experts in nephrology, radiology, cardiology, and primary care; patient advocates;
representatives from the Food and Drug Administration; and oversight by our Task Order Officer
from the Agency for Health Care Research and Quality. We also recruited a technical expert
panel to provide input on the protocol for the comparative effectiveness review.

Literature Search Strategy

We searched the following databases for primary studies through July 8, 2015: MEDLINE®,
EMBASE®, and the Cochrane Library (see Appendix B for a detailed search strategy). We did
not add any date limits to the search and developed a search strategy for MEDLINE, accessed
via PubMed®, based on medical subject headings (MeSH®) terms and text words of key articles
that we identified a priori. The search was not limited by language. In addition, we looked for
conference proceedings and other reports by searching the Scopus database. We reviewed the
reference lists of relevant articles and related systematic reviews to identify original journal
articles and other reports the database searches might have missed. Scientific Information
Packages were requested from a number of manufacturers, but no information was provided. We
also searched ClinicalTrials.gov to identify on-going studies. We searched for publicly available
data held by the U.S. Food and Drug Administration, but it has not approved any interventions
for the prevention of CIN.

We uploaded articles into DistillerSR (Evidence Partners, Ottawa, Ontario, Canada), a Web-
based service for systematic review and data management. We used this database to track search
results at the levels of title review, abstract review, article inclusion/exclusion, and data
abstraction.

Study Selection

We followed the PICOTS framework (Table 1) in developing the criteria for including
studies in the review, and included studies of patients of all ages with low, moderate, or high risk
of developing CIN. We anticipated heterogeneity in the pre-procedure risk assessment and
reported on the heterogeneity as it was defined by the studies, which had to assess serum
creatinine or glomerular filtration rate prior to and after contrast media injection. We only
included studies in which the intervention group received either IOCM or LOCM via IV or intra-
arterial injection. Studies had to report on at least one of the outcomes listed in the PICOTS
framework. We included RCTs of comparisons detailed in the PICOTS, but focused the review
on comparisons for which two or more studies reported on the same comparison. When we found
interventions for which the comparisons were too heterogeneous to support an overall
conclusion, we included a summary of the studies in the main report and placed details in an
appendix. We included observational studies where available for all comparisons of interest. We
evaluated previous systematic reviews on this topic to determine the extent to which they
addressed our specific Key Question.



Data Extraction

Due to the volume of literature, we first screened titles and then screened abstracts for
relevance to the Key Question. The titles and abstracts were screened independently by two
reviewers. Inclusion at the title screening level was liberal; if a single reviewer believed an
article might contain relevant information, the article was moved to the abstract level for further
screening. When reviewing abstracts followed by the full text of articles, both reviewers had to
agree on inclusion or exclusion. Disagreements that could not be resolved by the two reviewers
were resolved by a third expert member of the team (see Appendix C for screening forms). At
random intervals during screening, quality checks by senior team members were performed to
ensure that the eligibility criteria were applied consistently.

Quality (Risk of Bias) Assessment of Individual Studies

Two reviewers independently assessed each study’s risk of bias using five items from the
Cochrane Risk of Bias tool for randomized studies®*:

e Was the allocation sequence adequately generated?
Was allocation adequately concealed?
Was knowledge of the allocated intervention adequately prevented during the study?
Were incomplete outcome data adequately addressed?
Are reports of the study free of suggestion of selective outcome reporting?

When assessing the risk of bias, we focused on the main outcome of interest, CIN, an
outcome that is objectively measured by laboratory testing.

Data Synthesis

We reviewed primary studies, as defined by our inclusion criteria, and we performed de novo
meta-analyses. The de novo meta-analyses included all studies that met our inclusion criteria.
Prior to conducting meta-analyses, clinicians discussed differences in the study design and
reporting to identify characteristics that would limit the clinical meaningfulness of pooled
results, such as the variability in outcome definitions, type of contrast media used, and route of
contrast media administration. Differences in these items either prevented the statistical pooling
with meta-analysis or were used to stratify the meta-analysis estimates.

Pooled risks of large comparison groups (with 18 or more studies) were calculated using a
random effects model using the method of DerSimonian and Laird.>* Because the DerSimonian
and Laird method often underestimates confidence interval (CI) when there is a small number of
studies (less than 18), for comparisons with less than 18 studies, the pooled risks were calculated
using the Knapp-Hartung small sample estimator approach. This method allows for small sample
adjustments to the variance estimates and forms CIs based on the t distribution with k - 1 degrees
of freedom.?® Statistical heterogeneity was assessed using the I-squared statistic. When the I-
squared value was greater than or equal to 50%, or the p-value was 0.2 or less, the clinicians
were asked to re-evaluate the studies for clinical heterogeneity and decide if the meta-analysis
should be reported despite statistical heterogeneity. After reviewing the available evidence on all
of the comparisons of interventions for preventing CIN, we felt that the heterogeneity across
comparisons and the differences between reference groups were too great to support a network
meta-analysis.

In many of the studies, the intervention group or the comparison group received more than
one intervention. Therefore, we stratified the analyses according to the comparisons that were



made, taking into consideration whether the intervention group or comparison group received
more than one intervention. For example, we performed separate analyses for the following
comparisons: N-acetylcysteine with IV saline versus IV saline with or without placebo; N-
acetylcysteine with IV saline versus IV sodium bicarbonate; and N-acetylcysteine with [V
sodium bicarbonate versus other interventions. The most common co-intervention was
administration of fluids. We specified what fluid type was given whenever that was part of the
intervention. For the analyses of N-acetylcysteine, all of the studies included IV fluids as a co-
intervention with N-acetylcysteine, so we could not do a network meta-analysis or meta-
regression to assess the effect of the co-intervention.

We used Harbord’s modified test for small study effects to determine whether there was
asymmetry in effect estimates when plotted against the standard error of the estimates, which can
occur when publication bias exists.

Minimally Important Difference

To assess the clinical importance of differences in the incidence of CIN, a binary outcome,
we followed guidance for selecting a minimally important difference based on the overall
observed event rate in the studies.?® Taking into consideration the potential effect of CIN on a
patient’s overall health and well-being, the clinical experts on our team decided that a relative
risk reduction of 25% would be clinically important, which is consistent with the guidance
suggesting a relative risk reduction of 20% to 30% in determining optimal information size.

Strength of the Body of Evidence

The team graded the strength of evidence on comparisons of interest for the key outcomes.
We used the grading scheme recommended in the Methods Guide, and considered all domains:
study limitations, directness, consistency, precision, reporting bias, and magnitude of effect.?’
Study limitations were determined for each comparison group for CIN and other reported
outcomes. Study limitations were determined using the following algorithm for a body of
evidence: A body of evidence was assessed as having high study limitations if greater than 50
percent of the studies scored negative in one or more of the criteria. A body of evidence was
assessed as having low study limitations if most (51% or greater) of the studies scored positive in
all five domains. Bodies of evidence not meeting one of the above criteria were assessed as
having medium study limitations. Following the guidance of the GRADE Working Group,?® we
rated evidence as precise if the total number of patients exceeded an optimum information size,
and the 95% confidence interval (CI) excluded a risk ratio of 1.0. If the total number of patients
exceeded the optimum information size, and the 95% confidence interval did not exclude the
possibility of no difference (i.e., risk ratio of 1.0), we only rated the evidence as precise if the
95% confidence interval excluded the possibility of a clinically important benefit or harm (i.e.,
risk ratio less than 0.75 or greater than 1.25). For the main outcome of interest, CIN, we used an
optimum information size of 2000 based on an expected 0.1 probability of CIN in the
comparison group and a minimally important relative difference of 25%. For less frequent
adverse outcomes, we used an optimum information size of 10,000 based on an expected 0.02
probability in the comparison group and a minimally important relative difference of 25%. We
classified the strength of evidence pertaining to each comparison into four grades: high,
moderate, low, and insufficient. The body of evidence was considered high grade if study
limitations were low and there were no problems in any of the other domains, and subsequently
downgraded for each domain in which a problem was identified. If only one study was available
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for a given comparison, we downgraded the evidence for having unknown consistency. If the
magnitude of effect was very large, the strength of evidence could be upgraded.

Observational studies were considered in grading the strength of a body of evidence if the
overall results of the observational studies were not similar to the RCTs applicable to the
comparison.

Applicability

We considered elements of the PICOTS framework (Table 1) when evaluating the
applicability of evidence to answer our Key Question as recommended in the Methods Guide.?’
This includes important population characteristics, treatment characteristics, and settings that
may cause heterogeneity of treatment effects and limit applicability of the findings.
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Results

Results of the Literature Search

The literature search identified 12,523 unique citations, and we ultimately found 163 RCTs
and 23 observational studies that met the eligibility criteria (Figure 2 and Appendix D). None of
the previous systematic reviews we found addressed the overall objectives of this review well
enough to serve as the basis for an update instead of a comprehensive de novo review.

Key Question: In patients undergoing imaging studies requiring intravenous
(IV) or intra-arterial contrast media, what is the comparative effectiveness
of interventions to prevent contrast-induced nephropathy for the outcomes
of incidence of contrast-induced nephropathy, chronic kidney disease, end
stage renal disease, mortality, and other adverse events?

Key Points

Low-dose N-acetylcysteine (1200 mg/day or less) had a small, borderline clinically
important effect in reducing contrast-induced nephropathy (CIN) compared to IV saline,
with low strength of evidence (pooled risk ratio 0.75; 95% CI: 0.63 to 0.89).

High-dose N-acetylcysteine (more than 1200 mg/ day) had a small clinically unimportant
effect in reducing CIN compared to IV saline, with low strength of evidence (pooled risk
ratio 0.78; 95% CI: 0.59 to 1.03).

A clinically important and statistically significant reduction in CIN was seen when N-
acetylcysteine was compared with IV saline in patients receiving LOCM, with moderate
strength of evidence (pooled risk ratio 0.69; 95% CI: 0.58 to 0.84), but not in patients
receiving IOCM, with low strength of evidence (pooled risk ratio 1.12; 95% CI: 0.74 to
1.69). The risk ratio estimates did not differ between IV and intra-arterial routes of
administration of contrast media.

The strength of evidence was low that IV sodium bicarbonate with IV saline did not
differ from IV saline in the risk of CIN (pooled risk ratio 0.93; 95% CI: 0.68 to 1.27).
However, IV sodium bicarbonate was more effective than IV saline in preventing CIN
with a clinically important benefit when given for studies with LOCM only (pooled risk
ratio: 0.65; 95% CI: 0.33 to 1.25) with low strength of evidence, but not when given for
studies with IOCM (pooled risk ratio 1.02; 95% CI: 0.70 to 1.48), with low strength of
evidence.

Statins plus IV saline had a clinically important effect in reducing CIN compared to IV
saline, but the difference was not statistically significant, with low strength of evidence
(pooled risk ratio 0.68; 95% CI: 0.39 to 1.20). Statins plus N-acetylcysteine had a
clinically important effect in reducing CIN compared to N-acetylcysteine alone, with low
strength of evidence (pooled risk ratio 0.52; 95% CI: 0.29 to 0.93).

Hemodialysis did not reduce the risk of CIN and may be harmful compared to IV saline
(pooled risk ratio 1.50; 95% CI: 0.56 to 4.04), with low strength of evidence.

When compared to IV saline, ascorbic acid plus IV saline had a small clinically important
but statistically insignificant effect on CIN (pooled risk ratio 0.72; 95% CI: 0.48 to 1.01),
with low strength of evidence.
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e The strength of evidence was insufficient to determine the effect of other interventions on
the incidence of CIN.
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Figure 2. Results of the literature search

PubMed: 5668
Cochrane: 447
EMBASE: 10206
Hand Search: 5 ) DUP;;%QTES
Total: 16326
Grey Literature: 24647~
EXCLUDED
10368
—
TITLES
12523
EXCLUDED?*
1598
v | Abstract only: 48
ABSTRACTS No abstract (letter or editorial): 330
2155 No comparison group: 191
No human data: 27
No intervention of interest: 395
v Does not apply to the Key Questions: 386
ARTICLES No outcome of interest: 150
557 No original data: 910
Qualitative paper: 5
Other: 25
> EXCLUDED*
371
Abstract only: 53
Insufficient followup period: 3
No comparison group: 33
No intervention of interest: 81
v Does not apply to the Key Questions: 257
INCLUDED Non-English language paper: 59
ARTICLES No outcome of interest: 16
186 No original data: 18
RCT: 163 Qualitative paper: 2
s Comparison groups not comparable: 1
Observational: 23 No stratified data on route of contrast media administra-
tions: 5
Other: 5

RCT = randomized controlled trial

*Grey literature was not factored into the total number of studies for title screening.

fSum of excluded abstracts exceeds 1,598 because reviewers were not required to agree on reasons for exclusion.
*Sum of excluded articles exceeds 371 because reviewers were not required to agree on reasons for exclusion.
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N-Acetylcysteine Plus 1V Saline Versus IV Saline With or Without

Placebo

Although the pathophysiology of CIN is not completely understood, it is thought that renal
medullary ischemia and direct toxicity to renal tubules by oxygen free radicals may contribute.
N-acetylcysteine is a direct scavenger of free radicals and improves blood flow through nitric
oxide-mediated pathways, which results in vasodilation. As a result, both the antioxidant and
vasodilatory properties of N-acetylcysteine are thought to provide protection against CIN.

Although early studies showed benefits of N-acetylcysteine in patients receiving HOCM or
LOCM, subsequent studies and meta-analyses offer mixed results concerning the efficacy of N-
acetylcysteine for prevention of CIN. It is possible that the effectiveness of N-acetylcysteine
depends on the administered dose and route of administration of N-acetylcysteine, the osmolality
of contrast media and its route of administration, and study population characteristics.

Study Characteristics

Seventy eight studies (67 RCTs and 11 observational studies) were identified that compared
N-acetylcysteine with IV saline. Of these, 74 reported on CIN directly, and three reported on
serum creatinine or glomerular filtration rate without reporting the incidence of CIN. Of the
studies reporting on CIN directly, we found 54 RCTs that compared N-acetylcysteine plus IV
saline with IV saline with or without placebo, published between 2002 and 2014, which we
included in a meta-analysis. The number of patients in each trial ranged from 40 to 3382, and the
study populations were very heterogeneous across the studies. Study patients had renal
dysfunction at baseline (defined as baseline serum creatinine greater than 1.2 mg/dl) in 35
studies.?®%? The mean age of patients included in the studies was 55 to 79 years, the mean
percentage of patients with diabetes was 39 percent (range 0% to 100%), and the mean
percentage of females was 32 percent (range 12% to 59%).

Across all of the studies included in the meta-analysis, 4749 patients received IV saline with
or without placebo, and 4775 received N-acetylcysteine. The route and dose of N-acetylcysteine
varied between studies. Forty studies administered N-acetylcysteine orally,?8-3336-43.45-47.:49.50,52-
56.59-74 13 administered it intravenouly,>*3>#4:48:31.57.58.75-80 3nq one used a combination of IV and
oral N-acetylcysteine.®! Thirty-four studies,?8-36-3%:41-47:49-32,56,59-63.65.67.,68.70.71.74.78 ;5ed a low-dose
of N-acetylcysteine (1200 mg/day or less), and 18 studies used a higher dose (greater than 1200
mg/day)?>7-38:40:48,53-55.57.58,64.66.69.75-77.7981 Ope study had one arm with low-dose N-acetylcysteine,
a second arm with high-dose N-acetylcysteine, and a control arm that received a placebo in IV
saline.’!

Contrast media was administered intravenously in seven studies,
in one study,*® and intra-arterially in the remaining studies. Seven studies used
IOCM,32:36:39:69.70.76 gix yiged either IOCM or LOCM;282%-60:67.69.79 gne used IOCM, LOCM, or
HOCM;®* one did not report the contrast media type,”® and the remainder used LOCM.

Variation existed in the protocols for giving fluids, with studies using 0.45 percent saline;
normal saline; 5 percent dextrose in normal saline, or alone; or Ringer’s lactate solutions. The
studies administered varying volumes and used three definitions of CIN: 0.5 mg/dl absolute
increase, 25 percent increase in serum creatinine, and a combination of both. All of the studies
except three measured the change in serum creatinine between 48 and72 hours. One measured
the change in serum creatinine at 24 hours,*® one measured it between 48 and 96 hours,* and one
study measured the change five days after contrast media administration’! (Appendix E,
Evidence Table E-4).

36,44,49,57,62,68,79 not described
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Contrast-Induced Nephropathy

The 54 RCTs comparing N-acetylcysteine plus IV saline to IV saline with or without placebo
in the reduction of CIN showed a range of results included in the meta-analyses: seven reported a
clinically important reduction in the risk of CIN that was statistically significant, 20 reported a
clinically important reduction in the risk of CIN that was not statistically significant, 10 did not
show a clinically important reduction in the risk of CIN, 12 did not show a clinically important
increased risk of CIN, two showed a clinically important increased risk of CIN that was not
statistically significant, and three showed a clinically and statistically significant increased risk
of CIN.

The pooled risk ratio of CIN, using the DerSimonian and Laird random effects model, was
0.78 (95% CI: 0.59 to 1.03) for high-dose N-acetylcysteine (greater than 1200 mg/day),
indicating that, on average, the effect is at a level consistent with a clinically unimportant
reduction in CIN (Figure 3). There was moderate statistical heterogeneity across studies with an
I-squared of 38%. The pooled risk ratio for CIN from the studies using intra-arterially
administered contrast media and high-dose N-acetylcysteine was 0.78 (95% CI: 0.55 to 1.12)
(high-dose N-acetylcysteine with intra-arterial contrast media administration pooled risk ratio
was run with Knapp-Hartung method). Two studies used IV contrast media and high-dose N-
acetylcysteine, and their results were too imprecise to draw conclusions (pooled risk ratio 0.55;
95% CI: 0.12 to 2.62). Using Harbord’s modified test for small study effects, we did not find
evidence of asymmetry in results by study precision (bias coefficient of -0.61, standard error of
0.66, p=0.37). The strength of evidence was low that high-dose N-acetylcysteine with IV saline
had a small clinically unimportant effect in preventing CIN compared with IV saline with or
without placebo. (Table 3; see Appendixes F and G for study limitations).

The pooled risk ratio for CIN using a random effects model for low-dose N-acetylcysteine
(1200 mg/day or less) was 0.75 (95% CI: 0.63 to 0.89), indicating that, on average, the small
effect is consistent with a borderline clinically important reduction in CIN (Figure 4). The
statistical heterogeneity of the studies was low, with an I-squared of 0%. The pooled risk ratio
using the Knapp-Hartung method for the studies using IV contrast media and low-dose N-
acetylcysteine was 0.62, but in this small subset of five studies, the confidence interval was so
wide that we cannot rule out a clinically important increased risk (95% CI: 0.18 to 2.10). For
studies using intra-arterially administered contrast media and low-dose N-acetylcysteine, the
pooled risk ratio was 0.77 (95% CI: 0.66 to 0.91) indicating that, on average, the benefit is at a
level consistent with a clinically unimportant reduction in CIN. Using Harbord’s modified test
for small study effects, we did not find evidence of asymmetry in results by study precision (bias
coefficient of -0.70, standard error of 0.44, p=0.123). Overall, the strength of evidence was low
that low-dose N-acetylcysteine with IV saline had a small clinically unimportant effect in
preventing CIN compared with IV saline with or without a placebo (Table 3; see Appendixes F
and G for study limitations).

We performed stratification analyses to investigate the influence of contrast media osmolality
on the effect of N-acetylcysteine. The pooled risk ratio of CIN, using a random effects model, for
studies using LOCM was 0.69 (95% CI: 0.58 to 0.84), indicating that, on average, the difference
is consistent with a clinically important reduction in CIN with N-acetylcysteine in patients
receiving LOCM, but the confidence interval does not rule out a clinically unimportant
difference (Figure 5).The statistical heterogeneity across studies was low, with an I-squared of
19 percent. The strength of the evidence was moderate that in patients receiving LOCM, N-
acetylcysteine with IV saline had a clinically important reduction in CIN. The pooled risk ratio
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for CIN from studies of N-acetylcysteine using [IOCM was 1.12 (95% CI: 0.74 to 1.69). The
confidence interval was wide enough for N-acetylcysteine when IOCM was used to suggest
possible harm without any indication of a clinically important benefit (Figure 6). The strength of
the evidence was low that in patients receiving IOCM, N-acetylcysteine with IV saline did not
have a clinically important decrease in CIN. The estimates of effect are remarkably stable across
different types of studies with a 20 to 30 percent reduction, which is near the edge of what we
defined to be a minimally important difference. The variation is mainly in the CIs, which is
likely due to variation in the number of people in the different studies.

We also performed stratification analyses to investigate the influence of the route of N-
acetylcysteine administration. The pooled risk ratio for CIN, using a random effects model, for
patients who received oral N-acetylcysteine was 0.77 (95% CI: 0.65 to 0.92), indicating that, on
average, the difference is not clinically important. The pooled risk ratio for CIN for patients who
received IV N-acetylcysteine (run with the Knapp-Hartung method) was 0.90 (95% CI: 0.72 to
1.12), indicating that the difference is not clinically important (Figure 7).

Our sensitivity analysis, which removed one study at a time, did not show any significant
impact on the estimated effect of N-acetylcysteine. When we examined the variation of risk ratio
estimates according to baseline characteristics of the study population, we did not observe any
meaningful difference by age, sex, baseline renal function, or the presence or absence of diabetes
mellitus. There was no trend in the effect size by year of the study publication (Figure 7). When
we examined how the results of studies of N-acetylcysteine varied in forest plots organized by
the number of study limitations, we did not see any pattern indicative of a trend by study quality.

Thirteen of the 67 RCTs reporting on CIN were not included in the meta-analyses for a
variety of reasons, including missing data, dosage differences, and inclusion criteria differences
(see Appendix E, Evidence Table E-5).57-80 In addition to the studies that reported on the
incidence of CIN, three studies reported on changes in serum creatinine (Appendix E, Evidence
Table E-6) and/or glomerular filtration rate (Appendix E, Evidence Table E-7) without reporting
the incidence of CIN.”!*** In those nine studies, the mean change in serum creatinine or
glomerular filtration rate did not differ enough between groups to meet the definition of CIN.

Eleven observational studies were included in the studies we reviewed.’*!%The results of the
observational studies were similar to those reported in the RCTs.

Other Outcomes
Of the 77 studies investigating development of CIN when comparing N-acetylcysteine plus
IV saline with a placebo with or without IV saline, 35 also included data on secondary outcomes.
Twenty eight reported patients’ needs for renal replacement therapy,>8-30-33:33:37-39:41:44-46,51,53,55.56,
59.61.69-71.80-85.87.89 geven reported cardiac events,?!-38:40-33.70.71.82 14 reported mortality,

44,53.59.69.76-78.81.83 and nine reported length of hospitalization (Appendix E, Evidence Table
F-8),3547.56.64.71.76-78.83

30,35,38,39.,41,

Of the 20 studies that examined the need for renal replacement therapy, only seven reported
p-values and one reported a statistically insignificant, and clinically non-significant difference
between groups (risk ratio: 0.87; 95% CI: 0.17-4.35).%” The remaining studies reporting on the
need for renal replacement therapy did not report statistics. One study, Marenzi et al.,2006,%!
reported a statistically significant and clinically important difference in mortality between the
placebo arm and the N-acetylcysteine arms, with more in-hospital deaths in the placebo arm
(placebo: 13/119 (11%); standard dose N-acetylcysteine: 5/115 (4%); high-dose N-
acetylcysteine: 3/118 (3%), p=0.007).3! Two studies reported significant findings for length of
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hospitalization. Hsu et al., 20077! showed a statistically significant and clinically important
reduction in length of hospitalization in the N-acetylcysteine arm (placebo: mean 8.1 days,
standard deviation (SD) 4.1); low-dose N-acetylcysteine arm (mean 5.2 days, SD 1.5);
p=0.04)).”! Kay et al., 2003*7 also showed a statistically significant reduction in length of
hospitalization in the N-acetylcysteine arm, but the difference was not clinically important
(placebo: mean 3.9 days, SD 2.0); low-dose N-acetylcysteine: mean 3.4 days, SD 0.9: p=0.02).*
No clinically important or statistically significant differences were reported for cardiac events.

Overall, the strength of evidence was low that N-acetylcysteine plus IV saline did not
differ from IV saline without N-acetylcysteine in the need for renal replacement therapy, cardiac
events, or the length of hospitalization. (Table 3; Appendix E, Evidence Table E-8; see Appendix
G for study limitations). Most of the studies addressing these outcomes had at least one
important study limitation (frequently lacking documentation of allocation concealment or
blinding of participants and personnel). The results generally were consistent in the direction of
impact of N-acetylcysteine. However, the effect estimates were imprecise. The studies
addressing mortality had insufficient strength of evidence to support a conclusion because they
had important study limitations, with inconsistent and imprecise effect estimates.
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Figure 3. Meta-analysis of high-dose* N-acetylcysteine plus IV saline versus IV saline with or without placebo for the prevention of
contrast-induced nephropathy
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N=sample size; NAC=N-acetylcysteine; NS=normal saline (0.9%); p=p-value; RR=risk ratio
*High-dose N-acetylcysteine refers to studies that administered more than 1200mg N-acetylcysteine daily to participants.
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Figure 4. Meta-analysis of low-dose* N-acetylcysteine plus IV saline versus IV saline with or without placebo for the prevention of
contrast-induced nephropathy
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Figure 5. Meta-analysis of N-acetylcysteine plus IV saline versus IV saline with or without placebo for the prevention of contrast-induced
nephropathy when low-osmolar contrast is used
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Figure 6. Meta-analysis of N-acetylcysteine plus IV saline versus IV saline with or without placebo for the prevention of contrast-induced
nephropathy when iso-osmolar contrast is used
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Figure 7. Meta-analysis of oral and IV route of N-acetylcysteine plus IV saline versus IV saline with or without placebo for the prevention
of contrast-induced nephropathy
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23



Table 3. Summary of the strength of evidence: N-acetylcysteine plus IV saline versus IV saline with or without placebo

Study Design:

Outcome No. Studies . S.tUd.y Directness Consistency Precision Strgngth of Summary of Outcomes
(N) Limitations Evidence
Development of | RCT: 18 Medium Direct Inconsistent Precise Low Low strength of evidence that high-
CIN (high-dose | (4336) dose NAC with IV saline has a small
NAC) clinically unimportant benefit in
preventing CIN compared with IV
saline without NAC
Development of | RCT: 36 Medium Direct Inconsistent Precise Low Low strength of evidence that low-dose
CIN (low-dose (5217) NAC with IV saline has a small
NAC) clinically unimportant benefit in
preventing CIN compared with IV
saline without NAC
Development of | RCT: 40 Medium Direct Consistent Precise Moderate Moderate strength of evidence that
CIN (in patients | (6665) NAC with IV saline has a clinically
receiving important benefit in preventing CIN
LOCM) compared with 1V saline without NAC
in patients receiving LOCM
Development of | RCT: 7 (1339) | Medium Direct Consistent Imprecise Low Low strength of evidence that NAC
CIN (in patients with IV saline does not have a clinically
receiving IOCM) important decrease in CIN compared
with 1V saline without NAC in patients
receiving IOCM
Need for RRT RCT: 20 Medium Direct Consistent Imprecise Low Low strength of evidence that NAC
(4881) with IV saline does not differ from IV
saline alone in preventing need for
RRT
Cardiac events RCT: 7 Medium Direct Consistent Imprecise Low Low strength of evidence that NAC
(2207) with IV saline does not differ from IV
saline alone in preventing cardiac
events
Mortality RCT: 14 Medium Direct Inconsistent Imprecise Insufficient Insufficient strength of evidence
(4592) regarding effect of NAC with IV saline
on preventing mortality compared with
IV saline alone
Hospitalization, | RCT: 9 Medium Direct Consistent Imprecise Low Low strength of evidence that NAC
length of stay (1461) with IV saline does not differ from IV

saline alone in reducing length of
hospitalization

CIN=contrast-induced nephropathy; IV = IV; N=sample size; NAC=N-acetylcysteine; RCT=randomized controlled trial; RRT=renal replacement therapy
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IVV Sodium Bicarbonate Versus IV Saline

A major underlying hypothesis for using IV sodium bicarbonate to prevent CIN is that the
alkalinization of tubular fluid diminishes the production of free oxygen radicals, which may play
a role in the etiology of CIN.!% Some studies demonstrated a benefit for IV sodium bicarbonate
were inconclusive.!%®!%7 Prior meta-analyses showed a mixed effect for IV sodium
bicarbonate.!%

Study Characteristics

Thirty articles were identified that compared IV sodium bicarbonate with IV saline (28 RCTs
and 2 observational studies). Nineteen RCTg36:46:56.38.70.74.109-121 ;b lished between 2004 and
2014 were included in the meta-analysis; the two observational studies were not included in the
meta-analysis.'?%123

In these studies, CIN was defined three ways (Appendix E, Evidence Tables E-1, E-3, E-10):
five defined it as a 25 percent or greater increase in serum creatinine, one defined it as a 0.5
mg/dl or greater increase in serum creatinine, and seven defined it as either a 25 percent or
greater increase or a 0.5 mg/dl or greater increase in serum creatinine.

A total of 1748 patients were included in the control arms, and 1750 patients were included
in the sodium bicarbonate arms. The mean age of patients was 65.8 years (range 59 to 77 years).
The mean percentage of diabetes patients was 44 percent (range 6—100%) and the mean
percentage of female patients was 29.4 percent (range 5—48%). Contrast media administration
was intra-arterial in fourteen studies,¢->63870.74109, 113, TS-U7H9-121 T/ i two studies, ''%!!'* both
IV and intra-arterial in three studies.*®!''%!1® Two studies used IOCM,3%!"> and the other studies
used LOCM (Appendix E, Evidence Tables E-2, E-10).

Contrast-Induced Nephropathy

Six studies concluded that IV sodium bicarbonate administration reduced the incidence of
CIN when compared with IV saline, while thirteen reported no difference in the incidence of
CIN between the IV sodium bicarbonate and IV saline intervention arms. The meta-analysis
indicated that administration of IV sodium bicarbonate did not differ from IV saline in the risk of
CIN (pooled risk ratio 0.93; 95% CI: 0.68 to 1.27), with a point estimate indicating a difference
that was not clinically important, and a wide confidence interval that did not rule out the
possibility of an important reduction or important increase in CIN (see Figure 8). However, as
shown in Figure 8, IV sodium bicarbonate with IV saline was more effective than IV saline in
preventing CIN, with a clinically important benefit, in a subset of 11 studies using LOCM
(pooled risk ratio 0.65; 95% CI: 0.33 to 1.25), but not in the subset of 7 studies using IOCM
(pooled risk ratio 1.02; 95% CI: 0.70 to 1.48). The strength of evidence was low for these
conclusions (Table 4; see Appendixes F and G for study limitations) because many of the studies
reporting on CIN had important study limitations (frequently lacking allocation concealment or
blinding of participants and personnel), and the results were inconsistent. Overall, the studies had
moderate heterogeneity, with an I-squared of 33 percent (p=0.07) (Figure 8). Using Harbord’s
modified test for small study effects, we found no evidence of asymmetry in the distribution of
results by study precision (bias coefficient of -0.55, standard error of 0.96, p = 0.57).

For a variety of reasons, 8 of the RCTs reporting on CIN were not included in the meta-
analysis (Appendix E, Evidence Table E-11).!2*!3! One study did not report on CIN as an
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outcome, but did report on serum creatinine. The mean change in serum creatinine from baseline
in this study did not meet any definition of CIN (Appendix E, Evidence Table E-12).

There were two observational studies, and they both reported the benefits of sodium
bicarbonate administration to reduce CIN. A study by Tamai et al.!?? reported a significant
difference in CIN for patients who received a high dose of sodium bicarbonate (833mEq/L)
versus those who received a low dose (160 mEq/L). The study by Buhiraja et al.!?* showed a
significant difference in CIN in patients who received sodium bicarbonate versus those who
received normal saline. We did not factor the observational studies into the strength of evidence
since the outcomes were in the same direction as the RCTs.

Other Outcomes

Of the studies that compared the risk of CIN using IV sodium bicarbonate with the risk of
CIN using IV saline, 13 included data on secondary outcomes. Of these, 11 reported participants’
needs for renal replacement therapy,*6-56:70-110-112.H5-I7.19.130 f5441 reported on cardiac
events,>®7%14115 three reported on hospitalization or length of stay,!!%!1212% and six reported on
mortality, 10112517120 (Apsendix E; Evidence Table E-13). The overall strength of evidence
was low that the mortality rates and the need for renal replacement therapy did not differ
between IV sodium bicarbonate and IV saline (Table 4; see Appendixes F and G for study
limitations). The studies addressing the need for renal replacement therapy and mortality had
medium study limitations, were consistent in the direction of effect, and were imprecise, due to
wide confidence intervals and small study populations. Only one study reporting on cardiac
outcomes'!' reported a statistically significant difference between groups in favor of IV sodium
bicarbonate (p=0.03). The remainder of the studies either reported statistically insignificant
differences between groups or did not report statistics. The evidence was insufficient to
determine whether or not cardiac events or length of hospitalizations differed between IV sodium
bicarbonate and IV saline (Table 4; Appendix E, Evidence Table E-13).

Adverse events were reported in 11 studies. Data were only recorded if specific adverse
events were reported or if the study reported no adverse events (Appendix E, Evidence Table E-
14). Adverse events were not reported in a standardized manner and were rarely analyzed in
these studies. As a result, we were unable to draw any firm conclusions as to whether or not the
incidence of adverse events differed between IV sodium bicarbonate and IV saline.
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Figure 8. Meta-analysis of IV sodium bicarbonate versus IV saline for the prevention of contrast-induced nephropathy

CIN events, N (%)

Author, year Population Contrast NaHCO: Hydration RR (85% CI)
LOCM
Merten, 200412 CKD lopamidol 1(1.67) 8(13.56) < 0.1(0.0,1.1)
Masuda, 2007117 CKD lopamidol 2 (6.67) 10 (34.48) € + : 0.2(0.1,1.0)
QOzcan, 2007% General loxaglate 4 (4.55) 12 (13.64) —_— 0.4(0.1,1.1)
Brar, 2008 CKD loxilan 25(15.82) 30 (18.18) — 0.9(0.5,1.5)
Vasheghani-Farahani, 201012 CHF lohexol 3(6.33) 2(5.56) T 1.5(0.3,8.3)
Motohiro, 2011712 CKD lopamidol 2(2.56) 10 (12.99) —— 0.2(0.0,1.0)
Ueda, 2011120 CKD lopamidol, lohexol 2 (6.67) 8 (27.59) 0 0.3(0.1,1.3)
Gomes, 2012112 CKD loxaglate 9(6.0) 9(5.96) — 1.0(0.4,2.5)
Boucek, 201310 Diabetic/CKD LOCM 7(11.48) 5(8.47) 1 1.3(0.4,3.9)
Kama, 20144 ” High Risk lohexol 4(11.11) 5(14.29) * 0.8(0.2,2.8)
Yeaanehkhah. 2014 High Risk LOCM 20(40.00)  7(14.00) || ———— 29(1.1,66)
Subtotal (I-squared = 64.0%, p = 0.171) - 0.65(0.33,1.25)
IocM |
Ratcliffe, 20095 General lodixanol 2(10.53) 1(6.67) ! 1.5(0.2,154)
Castini, 2010 General lodixanol 7({13.46) 7(13.73) — 1.0(0.4,2.6)
Lee, 20111 Diabetic/CKD lodixanol 17 (9.04) 10 (5.35) - 1.6(0.8,3.5)
Beyazal, 2014192 CKD lodixanol 6 (30.0) 5(25.0) -] 1.2(04,3.3)
Thayssen, 20147 Cardiac disease lodixanol 33 (18.23) 43 (23.76) —ﬁ' 0.8(0.5,1.2)
Kooiman, 201414 CKD lodixanol 14 (5.11) §(3.03) =T 1.7(0.7,3.9)
Manari, 201418 Cardiac disease lodixanol 24 (16.55) 29 (198.21) — 0.9(0.5,1.5)
Subtotal (I-squared = 0.0%, p = 0.902) < 1.02(0.70,1.48)

I
Not Reported |
Koc, 201312 Diabetic Not Reported 15 (15.96) 6(5.94) e 25(1.0,6.1)
Subtotal (I-squared = %, p=.) _ 2.45(0.99,6.09)

I
Overall (I-squared = 54.2%, p = 0.661) <F> 0.93 (0.68.1.27)
MOTE: Weights arefrom random effects analysis | | | : | | |

1 2 5 1 2 5 25

— Favors NaHC Oz
Risk Ratio and 95% Confidence Intervals

Favors Hydration —

Y%=percent; 1/2NS=0.45% saline; CHF=congestive heart failure; CI=confidence interval; CIN=contrast induced nephropathy; CKD=chronic kidney disease; [OCM=iso-osmolar
contrast media; LOCM=low-osmolar contrast media; N=sample size; NaHCOs=sodium bicarbonate; NS=normal saline (0.9%); p=p-value; RR=risk ratio

27



Table 4. Summar

of the strength of evidence: IV sodium bicarbonate versus IV saline

Study Study Strength of
Outcome Design: No. L Directness Consistency Precision . Summary of Key Outcomes
’ Limitations Evidence
Studies (N)
Development of RCT: 19 Medium Direct Inconsistent Precise* Low Low strength of evidence that IV
CIN (3303) sodium bicarbonate did not differ from
IV saline in the risk of CIN
Development of RCT: 11 Low Direct Inconsistent Imprecise Low Low strength of evidence that IV
CIN (in studies (1555) sodium bicarbonate reduced the risk of
using LOCM) CIN compared to IV saline in patients
receiving LOCM
Development of RCT: 7 Medium Direct Inconsistent Imprecise Low Low strength of evidence that IV
CIN (in studies (1748) sodium bicarbonate did not differ from
using IOCM) IV saline in the risk of CIN in patients
receiving IOCM
Need for RRT RCT: 11 Medium Direct Consistent Imprecise Low Low strength of evidence that the need
(1558) for RRT did not differ between IV
sodium bicarbonate and IV saline
Cardiac events RCT: 4 High Direct Consistent Imprecise Insufficient Insufficient strength of evidence to
(1468) determine whether cardiac events
differed between IV sodium
bicarbonate and IV saline
Mortality RCT: 6 Medium Direct Consistent Imprecise Low Low strength of evidence that mortality
(1237) rates did not differ between IV sodium
bicarbonate and IV saline
Hospitalization, RCT: 3 High Direct Consistent Imprecise Insufficient Insufficient strength of evidence to
length of stay (480) determine whether length of

hospitalization differed between IV
sodium bicarbonate and IV saline

CIN=contrast-induced nephropathy; [IV=IV; N=sample size; RCT=randomized controlled trial; RRT=renal replacement therapy
*The results were precise enough to rule out a clinically important increase in CIN with IV sodium bicarbonate.
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N-Acetylcysteine Plus 1V Saline Versus IV Sodium Bicarbonate

In previous sections, we briefly explained the physiologic basis for studying the use of N-
acetylcysteine or IV sodium bicarbonate to prevent CIN, and we summarized the evidence on the
effectiveness of each of these two interventions compared with IV saline alone. In this part of the
analysis, we looked for evidence on head-to-head comparisons of these two interventions.

Study Characteristics

Our search identified seven RCTs with a total study population of 1619 that
compared N-acetylcysteine plus IV saline with IV sodium bicarbonate (number analyzed=930)
and two observational studies.””'** Contrast media included iodixanol,**>%7° ioversol,'*?
iohexol,**7 and ioxaglate.’® Contrast media were administered intravenously in one study*® and
intra-arterially in the other six studies. The seven studies were completed between 2007 and
2014 and were conducted in the United States,>® Italy,* Denmark,’® Argentina,'*? Iran,”* and
Turkey.***® The mean age of patients in these studies ranged from 59 to73. The study population
for three of the RCTs included only individuals with kidney dysfunction.’®%132 The patients in
one study>® had kidney dysfunction alone (17%), diabetes mellitus alone (59%), or both (24%).
Patients in the study by Kama, et al.*® were considered to be at moderate or high risk of
developing CIN (73% had an estimated glomerular filtration rate of 60 mL/min/1.73 m? or less).
Only 8 percent of the patients in the study by Thayssen et al.”’ had an estimated glomerular
filtration rate less than 60 mL/min/1.73 m?. The percentage of patients with diabetes mellitus
ranged from 8.5 percent to 68 percent. The studies had a total follow up period of 48 hours to 30
days; the outcomes of CIN were reported at 48 hours;*>* at 48 to 72 hours;**"%!132 at 24, 48, and
120 hours (5 days)*® (personal communication with Diego Castini, April 28, 2014); and at 24,
48, and 168 hours (7 days).’® (Appendix E, Evidence Tables E-1, E-3, E-15)

All studies compared N-acetylcysteine plus IV saline (sometimes in 5% dextrose in water)
with IV sodium bicarbonate. However, in the studies by Thayssen’® and Kama,* all arms also
received IV normal saline.

Our search identified two observational studies comparing N-acetylcysteine plus IV
saline with IV sodium bicarbonate. There were 977 study participants. The first study was
published in 2009 and was conducted in Israel,'** and the other”” was published in 2008 and
conducted in the United States. The mean age of patients ranged from 60 to 71. All of the
patients had comorbid disease at baseline in both studies.

36,46,56,58,70,74,132

97,133

Contrast-Induced Nephropathy

The incidence of CIN in the IV sodium bicarbonate groups ranged from 4.5 to 40.0 percent
and from 4.7 to19.4 percent in the N-acetylcysteine plus IV saline groups. Three of the RCTs
favored IV sodium bicarbonate, three favored N-acetylcysteine plus IV saline, and one was
equivocal because it had very few CIN events®® (Appendix E, Evidence Table E-16).

The overall pooled risk ratio for CIN in the RCTs comparing IV sodium bicarbonate with the
combination of N-acetylcysteine and IV saline, using the Knapp-Hartung method, was 1.11
(95% CI: 0.51 to 2.41). The point estimate of the risk ratio indicates a very small increase in risk
with sodium bicarbonate that was less than clinically important. The CI was too wide to rule out
the possibility of either an important decrease or important increase in risk. The studies were
inconsistent and had moderate heterogeneity, with an I-squared of 24 percent (Figure 9). The
Harbord’s modified test for small study effects did not show evidence of asymmetry in results by
study precision (bias coefficient of -0.65, standard error of 1.80, p=0.735). The strength of
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evidence was insufficient to support a conclusion about the comparative effectiveness of these
two interventions in the ability to prevent CIN (Table 5; Appendix E, Evidence Table E-16; see
Appendixes F and G for study limitations).

Limitations of this comparison included the small number of studies, the varying regimens of
fluid administration and N-acetylcysteine dosing, and the variations in follow up time. Four of
the studies were exclusively in individuals with kidney disease (a population at higher risk for
CIN), although the inclusion criteria were not exactly the same across all studies. One of the
RCTs was conducted in individuals with either kidney dysfunction or diabetes mellitus. Another
potential concern with the Ratcliffe, et al. study®® was that only 66 percent of the participants
completed the study.>®

In the observational studies, the rate of CIN was similar in both groups’ comparison groups.
The results of the observational studies were similar to those reported in the RCTs regarding the
comparison of the risk of CIN with N-acetylcysteine plus IV saline against IV sodium
bicarbonate (Appendix E, Evidence Table E-16).

Other Outcomes

Of the seven RCTs that compared N-acetylcysteine plus IV saline with IV sodium
bicarbonate for the development of CIN, five reported on secondary outcomes, including the
need for renal replacement therapy, cardiac events, and mortality.>¢#¢-370-132 However,
insufficient evidence existed to support firm conclusions about the comparative effects of N-
acetylcysteine versus sodium bicarbonate for the outcomes of need for renal replacement
therapy, cardiac events, or mortality (Table 5, see Appendixes F and G for study limitations). In
those studies, no statistically significant difference was reported, no cases were reported, or
statistics were not reported.

Although all of these studies reported on specific adverse events or reported that there were
no adverse events, adverse events were not reported in a standardized manner, and were rarely
analyzed. Thus, we were not able to draw any firm conclusions about whether or not the
incidence of adverse events differed between N-acetylcysteine with IV saline and IV sodium
bicarbonate (Appendix E, Evidence Table E-18).
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Figure 9. Meta-analysis of N-acetylcysteine plus IV saline versus sodium bicarbonate for the prevention of contrast-induced
nephropathy

Author, year
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Table 5. Summary of the strength of evidence: N-acetylc

steine plus IV saline versus sodium bicarbonate

Outcome

Study
Design: No.
Studies (N)

Study
Limitations

Directness

Consistency

Precision

Strength of
Evidence

Summary of Key Outcomes

Development of
CIN, short-term

RCT: 7 (930)

Medium

Direct

Inconsistent

Imprecise

Insufficient

Insufficient strength of evidence to
determine whether NAC plus IV
saline differs from IV sodium
bicarbonate in preventing CIN

Need for RRT

RCT: 4 (710)

Medium

Direct

Consistent

Imprecise

Insufficient

Insufficient strength of evidence to
determine whether NAC plus IV
saline differs from IV sodium
bicarbonate in preventing the need
for RRT

Cardiac events

RCT: 3 (613)

Medium

Direct

Consistent

Imprecise

Insufficient

Insufficient strength of evidence to
determine whether NAC plus IV
saline differs from IV sodium
bicarbonate in preventing cardiac
events

Mortality

RCT: 2 (442)

Medium

Direct

Consistent

Imprecise

Insufficient

Insufficient strength of evidence to
determine whether NAC plus IV
saline differs from IV sodium
bicarbonate in preventing mortality

CIN=contrast-induced nephropathy; IV=IV; N=sample size; RCT=randomized controlled trial; RRT=renal replacement therapy
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Statins

In addition to decreasing low density lipoprotein cholesterol, statins have cholesterol-
independent functionalities that play a growing role in various clinical contexts, including the
prevention of both myocardial damage during percutaneous coronary intervention'** and atrial
fibrillation after cardiac surgery.'*> The proposed mechanism related to the prevention of CIN is
that statins act as stabilizers of the endothelium and as free radical scavengers in a model of
ischemic nephropathy.'*® Given the demonstrated pleiotropic nature of statins in clinical settings,
it is important to evaluate the effect of statins on CIN as well as their effects on other outcomes.

Study Characteristics

Our search identified 19 RCTs"*”1** and one observational study on statins (Appendix E,
Evidence Tables E-1, E-3, E-19).!! The 19 RCTs included 10,574 participants. Eight studies
compared statins with placebo,!?313%144143.152-155 gne compared statin plus N-acetylcysteine plus
sodium bicarbonate with N-acetylcysteine plus sodium bicarbonate,'*” and four compared statin
plus N-acetylcysteine plus saline with N-acetylcysteine plus saline.!*!:142146.156 The remainder of
the studies compared statin with statin,'#3:14814% statin plus saline with saline and chronic statin
plus saline,'*’ low-dose statin plus probucol with high-dose statin plus probucol,'** and statin to
statin plus probucol'*’. Contrast media used included iodixanol,'*”-!4>14¢ jopromide,'*%!4
iobitridol,'** iohexol,**!** and iopamidol.!*!!47-150 Contrast media were administered intra-
arterially in all studies.

These studies were completed between 1997 and 2015 and were conducted in
Ttaly, 37139142146 Cyjpg 138,143,145, 47,150,153 1S7158 Ty ey 140141148,158 | e 144149,152 [ 155
Egypt.!>® In all of the RCTs, the mean age of patients ranged from 54 to 76 years. The
percentage of patients with chronic kidney disease at baseline ranged from 4 percent to 100
percent and the percent of patients with diabetes mellitus ranged from 15 percent to 100 percent
(Appendix E, Evidence Tables E-1, E-3, E-19).

The observational study,'>! with a study population of 28,871, compared statin therapy prior
to the procedure with the absence of statin therapy. The contrast media used were not specified
but all were administered intra-arterially. This study was completed between 1997 and 2003 and
was conducted in the United States. In this study, the mean age of patients was 64. The
percentage of patients with chronic kidney disease was not specified, while the percentage of
patients with diabetes mellitus was 30 percent (Appendix E, Evidence Tables E-1, E-3, E-19).

and

Contrast-Induced Nephropathy

We conducted two separate meta-analyses on the studies of statins to reduce the incidence of
CIN in patients receiving intra-arterial contrast. One included eight studies on statin-naive
patients that compared statin plus IV saline with IV saline alone.!3%13%144145.152-155 The other
included five studies: four compared statins plus N-acetylcysteine plus IV saline with N-
acetylcysteine plus IV saline,!#!:142146.156 and one compared statins plus N-acetylcysteine plus IV
sodium bicarbonate with N-acetylcysteine plus IV sodium bicarbonate.!*” The remaining six
studies were not included in the meta-analyses; they either included comparisons that were not
similar enough to analyze'*'471% or did not include a CIN outcome.'*’(Appendix E, Evidence
Table E-20).

When evaluating the efficacy of prophylactic statin administration compared with IV fluids
alone in the prevention of CIN, four studies!3%!3%143:15% found both a statistically significant and
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clinically important reduction in CIN (above our 25% threshold for a minimally important
difference) in the intervention arm. One study found a borderline clinically important
difference.!** Three studies did not show either a clinically or a statistically significant
reduction.!>>153155 The largest study of the group with positive findings (n=2998) found a
significant reduction with statin administration in the general study population but not in the
post-hoc subgroup analyses of statin naive versus statin non-naive participants.!* This study had
a high risk of bias based on the five criteria described in the methods for assessing risk of bias
for individual studies (Appendix F), but its effect estimate was in the same direction as the other
three studies in the meta-analysis (which had fewer study limitations). An additional study'*
evaluated the occurrence of CIN in the nonstandard time frame of 5 days and therefore was not
included in the meta-analysis; this study did not demonstrate a clinically or statistically
significant difference between the intervention and control arms (Figure 10).

In a meta-analysis of the eight studies with a CIN endpoint ranging from 48 to 72 hours after
contrast media administration, !3%13%144.145.152-155 the pooled estimate of the effect of statin plus IV
fluids compared with IV fluids alone demonstrated a clinically important but statistically
insignificant reduced risk of CIN with statin use (pooled risk ratio 0.68; 95% CI: 0.39 to 1.20) .
A sensitivity analysis demonstrated that no study unduly influenced the overall statistical
significance of the pooled estimate, and a stratified analysis showed no substantial difference in
estimation of effect by statin type, as the point estimates of effect were all clinically important.
No statin type had a 95% CI that was fully in the range consistent with a clinically important
effect The estimate for rosuvastatin, from four studies (risk ratio 0.69; 95% CI: 0.47 to 1.02) was
clinically important, but the CI was wide enough to not rule out the possibility of an unimportant
effect. 43152153155 The estimate for atorvastatin, three studies (risk ratio 0.41; 95% CI: 0.02 to
2.71) was clinically important, but the CI was wide enough to not rule out the possibility of an
unimportant effect. While the point estimate of the effect of simvastatin (risk ratio 0.75; 95% CI:
0.17 to 3.28) was not clinically important, the confidence interval was so wide that we cannot
rule out the possibility of a clinically important benefit or harm. Note that atorvastatin was the
only drug for which there was more than one study. A meta-regression was not conducted, due to
the small number of studies. We saw no trends in the data that pointed to differences in groups
by age, kidney function, diabetes status, or sex. The studies on statins had a medium risk of bias,
and consistently showed a benefit in reducing CIN in favor of the statin drug with a relatively
precise resulting estimate of the effect. Harbord’s modified test for small study effects did not
demonstrate evidence of asymmetry in results by study precision (bias coefficient of -1.49,
standard error of 1.11, p=0.227). We concluded that the strength of evidence was low for
demonstrating that a statin plus IV fluids was more effective than IV fluids alone at preventing
CIN (Table 6; see Appendixes F and G for study limitations).

When evaluating the efficacy of statin administration plus N-acetylcysteine plus IV saline (or
IV sodium bicarbonate) compared with N-acetylcysteine plus IV fluids (or IV sodium
bicarbonate) in the prevention of CIN, four studies!3”!41:146:156 found both a statistically
significant and clinically important reduction in CIN (above our 25% threshold for a minimally
important difference) in the statin arm. One study showed a statistically non-significant (p=0.86)
reduction that was clinically insignificant.'*?

In a meta-analysis of studies with a CIN endpoint,!37-141:142:146 the pooled estimate of the
effect of statin plus N-acetylcysteine plus IV fluids (saline or sodium bicarbonate) compared
with N-acetylcysteine plus IV fluids (saline or sodium bicarbonate) demonstrated a clinically
important and statistically significant reduced risk of CIN with statin use (pooled risk ratio 0.52;
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95% CI: 0.29 to 0.93) with a number needed to treat of 18 (95% CI: 13.44 to 34.72) (see Figure
11). However, the CI for the risk ratio was wide enough that we cannot rule out the possibility of
a clinically unimportant difference. A meta-regression was not conducted due to the small
number of studies. We saw no trends in the data that pointed to differences in groups by age,
kidney function, diabetes status, or sex. Harbord’s modified test for small study effects did not
demonstrate evidence of asymmetry in results by study precision (bias coefficient of -0.63,
standard error of 1.68, p=0.735). We concluded that the strength of evidence was low for
demonstrating that a statin plus N-acetylcysteine plus IV fluids was more effective than N-
acetylcysteine plus IV fluids at preventing CIN, when considering study limitations, directness,
consistency, and precision (Table 6; see Appendixes F and G for study limitations).

One study comparing atorvastatin to IV saline!*’ did not report on CIN outcomes. This study
reported on the change in serum creatinine and estimated glomerular filtration rate. No difference
was reported in serum creatinine levels 48 hours after the procedure, and estimated glomerular
filtration rate was significantly lower in the atorvastatin group 48 hours after the procedure
(Appendix E, Evidence Table E-20).

Two studies reported on the incidence of CIN in participants receiving a statin versus a statin
plus probucol.'*1%° Han, 2013'%° compared low-dose atorvastatin plus probucol with high-dose
atorvastatin plus probucol as well as with high-dose atorvastatin. No significant difference in
CIN incidence was found between the groups 48 hours after the procedure. Li, 2014'%” compared
atorvastatin with atorvastatin plus probucol. No significant difference in CIN was reported
between groups (Appendix E, Evidence Table E-20).

Three studies compared either different dosages of the same statin or different statins.'*8
Jo, 2014 found no significant difference between high-dose and low-dose atorvastatin in
preventing CIN. Kaya, 2013 found no significant difference between atorvastatin and
rosuvastatin in preventing CIN. Xinwei, 2009'4 found a significantly lower incidence of CIN in
patients receiving high-dose simvastatin when compared with low-dose (Appendix E, Evidence
Table E-20).

One observational study reported on statins versus IV saline and found a significant decrease
in CIN in the group receiving statins.'>! The results were similar to those reported in the RCTs
comparing statins with IV saline.

Four articles published in Chinese and one in Arabic were reviewed to determine if findings
published in non-English language journals were different than those published in English-
language journals. Three studies compared statins with IV saline and found significantly
significant reductions in CIN in the statin intervention group'>%!? or higher estimated glomerular
filtration rate in the statin group (statistical significance not reported).'é! These results were
generally consistent with the English-language RCTs comparing statins with IV saline. One
study compared low-dose statins with high-dose statins and found no significantly significant
difference between groups.'®? Another compared rosuvastatin plus furosemide with furosemide
and found no significant difference in CIN incidence between groups.'®?

143,149

Other Outcomes

Secondary outcome reporting was not consistent across studies. Need for renal replacement
therapy was reported in three comparing statins to IV saline,'**!43-156 and three comparing statins
plus N-acetylcysteine to N-acetylcysteine, 3714%14® two comparing statins by dose of
administration,'*>'* one comparing different statins.!>’ One study comparing statins'*’ and one
comparing statin to IV saline reported on mortality.'*> Three comparing statins plus N-
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acetylcysteine to N-acetylcysteine, and one comparing statins by dose of administration'*’ also

reported on mortality. Only p-values were reported for need for renal replacement therapy and
mortality and none reached a significance of p less than_0.05. Two studies reported on length of
stay or hospitalization, both of which compared statins to IV saline.!**!** One study showed no
difference between groups while the other, Patti et al., 2011'* showed a statistically significant
difference (p=0.007) favoring the use of statins. Cardiac events were reported in five studies, two
for statins versus IV saline,!*>!%7 two for statins plus N-acetylcysteine versus N-
acetylcysteine, *%1%% and one compared statins by dose.'*’ Statistical significance was reported
only in the set of three studies comparing statins to IV saline. Two of these studies reported no
statistically significant difference between groups,'**!®* and the other reported a statistically
significant difference (p=0.02) in favor of statins.'*> Two studies comparing statins to IV saline
reported on hospital length of stay reporting no comparisons between groups.'**!#* The strength
of evidence was insufficient regarding whether or not statins had an impact on any of these
secondary outcomes (Table 6; Appendix E, Evidence Table E-21; see Appendixes F and G for
study limitations). No clinically important or statistically significant differences were seen in the
need for dialysis; very few events were reported.!37:142:144-146.149.130.136,157 Ejye studies reported
cardiac outcomes!#%146:149:156.157 and did not report consistently across outcomes. Of the six
studies that reported mortality by intervention group, none showed a statistically significant or
clinically important difference; the strength of evidence was insufficient, however, because very
few deaths were reported, with results that were too imprecise and inconsistent, !37-142:145.146,149,157
The strength of evidence was insufficient to determine if statins were effective at reducing length
of hospitalization (Table 6; Appendix E, Evidence Table E-21; see Appendix G for study
limitations).!?%-144

Adverse events were reported in five studies. We were not able to draw any conclusions as to
whether or not the incidence of adverse events differed between statins and IV fluids (Appendix
E, Evidence Table E-22).!%
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Figure 10. Meta-analysis of statins plus IV fluids versus IV fluids with or without placebo for the prevention of contrast-induced
nephropathy in patients receiving intra-arterial contrast

CIN Events, N (%)
Author, year Population Placebo Statin Placebo . RR (95% CI)
Simvastatin :
Jo, 20081 CK Flacebo 3(2.5) 4(3.3) iv 0.75(0.2, 3.3)
Subtotal (-squared = %, p= ) <:_‘:::=— 0.75(0.17, 3.28)
I
Atorvastatin :
Patti, 20111 Cardiac Flacebo G(5.0) 16(13.2) —0-—:— 0.38(0.2, 0.9)
Li, 20121 Cardiac Flacebo 2(2.6) 13(15.7) & i 0.16(0.04, 0.7)
Sanei, 20145 gZLlleIS'a Flacebo 5(4.3) G(5.0) : + 0.88(0.3, 2.8)
Subtotal (-squared =37.7%, p = 0.179) -G::::— 0.41(0.06, 2.71)
I
Rosuvastatin :
Han, 20141 Diabete IV NS 34(23) 58339 —O-é— 0.59(0.4, 0.9)
Yun, 2014132 Cardiac Control TG(18.6) 56(13.5) : —— 1.38(1.0,1.9)
Abaci, 2015'% |Cs:f<ues IV NS 61(5.8) 9(8.5) —+—— 0.68(0.3, 1.8)
Qiao, 2015% CKD+ IV NS 2(3.3) 2(3.3) : 1.00(0.2, 6.9)
Subtotal (l-sguared = 0.00%, p = 0.058) Q 0.69(0.47,1.02)
l
Overall (l-squared = 65.4%, p= 0.151) <T:::>- 0.68(0.39, 1.20)
]
NOTE: Weights are from random effects analysis i
L l l l l l

05 1 2 5 1 2 5 25
« Favors Statin Favors Placebo —

Risk Ratio and 95% Confidence Intervals

Y%=percent; Cl=confidence interval; CIN=contrast induced nephropathy; CKD=chronic kidney disease; IV=intravenous; N=sample size; p=p-value; RR=risk ratio
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Figure 11. Meta-analysis of statins plus N-acetylcysteine plus IV fluids versus N-acetylcysteine plus IV fluids with or without placebo for
the prevention of contrast-induced nephropathy in patients receiving intra-arterial contrast

CIN Events, N (%)
Author, year Population Placebo —— RR (85% Cl)
Statin Placebo

Atorvastatin + NAC

Ozhan, 2010 General IV saline + NAC 2(3.3) 7(10.0) S + 0.33(0.1.1.5)
Toso, 2010142 CKD IV saline + NAC 15(9.9) 16(10.5) 0.94(0.5.1.8)
Quintavalle, 20123 CKD Fluid + NAC 6(3.0) 14(6.7) * 0.44(0.2,1.1)
Shehata, 20151% CKD + DM + Cardiac IV saline + NAC 5(7.7)  13(20.0) o 0.38(0.2,1.0)
Subtotal (l-squared = 15.4%, p = 0.131) <:::=- 0.56 (0.23,1.38)

Rosuvastatin + NAC

Leoncini, 20144 Cardiac issues IV saline + NAC 17(6.7) 38(15.1)

p—
Subtotal (l-squared= %, p=_.) <> 0.45(0.26,0.77)

— 0.45(0.3,0.8)

Overall (I-squared = 3.8%, p = 0.036) 0.52(0.29,0.93)

MOTE: Weights are from random effects analysis

I I I I I
A 2 5 1 2 5

— Favors Statin Favors Placebo —
Risk Ratio and 95% Confidence Intervals

%-=percent; CI=confidence interval; CIN=contrast induced nephropathy; CKD=chronic kidney disease; N=sample size; NAC=N-acetylcysteine; NaHCO3=sodium bicarbonate;
p=p-value; RR=risk ratio
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Table 6. Summary of the strength of evidence: statins plus IV fluids versus placebo with or without fluids and statins plus N-
acetylcysteine versus N-acetylcysteine alone in patients receiving intra-arterial contrast

Outcome l\?éegi/u?j?eség(rlli) Limsitt:(tji)cl)ns Directness | Consistency | Precision SItErVeigg;hcgf Summary of Key Outcomes
Development of CIN: RCT: 8 (5024) |Medium Direct Consistent Imprecise Low Low strength of evidence that statins plus
statin + IV saline vs. IV IV fluids have a lower risk of CIN than IV
saline (meta-analysis) fluids aloe.

Development of CIN: RCT: 5 (1477) |Medium Direct Consistent Imprecise Low Low strength of evidence that statins plus

statin + NAC + |V saline or NAC plus IV fluids (or bicarbonate) have

bicarbonate vs. NAC + IV a lower risk of CIN than NAC plus IV

saline or bicarbonate fluids (or bicarbonate)

(meta-analysis)t

Need for RRT (statins + IV | RCT 2 (3245) High Direct Consistent Imprecise Insufficient | Insufficient strength of evidence that

saline vs. IV saline) statins plus IV fluids have a lower risk of
renal replacement therapy than 1V fluids
alone.

Need for RRT (statin + RCT: 3 (1017) |Medium Direct Consistent Imprecise Insufficient | Insufficient strength of evidence that

NAC + IV saline or statins plus NAC plus IV fluids (or

bicarbonate vs. NAC + IV bicarbonate) have a lower risk of renal

saline or bicarbonate) replacement therapy than NAC plus IV
fluids (or bicarbonate)

Mortality (statins + IV RCT: 1(2998) |High Direct Only 1 study Imprecise Insufficient | Insufficient strength of evidence that

saline vs. IV saline) statins plus IV fluids have a lower risk of
mortality than IV fluids alone.

Mortality (statin + NAC + |RCT: 3 (1017) |Medium Direct Consistent Imprecise Insufficient | Insufficient strength of evidence that

IV saline or bicarbonate statins plus NAC plus IV fluids (or

vs. NAC + IV saline or bicarbonate) have a lower risk of mortality

bicarbonate) than NAC plus 1V fluids (or bicarbonate)

Cardiac outcomes (statins |RCT: 1 (2998) | High Direct Only 1 study Imprecise Insufficient | Insufficient strength of evidence that

+ IV saline vs. IV saline)

statins plus IV fluids have a lowers risk of
cardiac outcomes than IV fluids alone.
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Table 6. Summary of the strength of evidence: statins plus IV fluids versus placebo with or without fluids and statins plus N-
acetylcysteine versus N-acetylcysteine alone in patients receiving intra-arterial contrast (continued)

Outcome I\?(E%Jg%/u?jieesslg(rlll-) fitrlrj](ijtétions Directness |Consistency |Precision Et/rizr;%tcheof Summary of Key Outcomes

Cardiac outcomes (statin | RCT: 1(304) Medium Direct Only 1 study imprecise Insufficient | Insufficient strength of evidence that

+ NAC + IV saline or statins plus NAC plus IV fluids (or

bicarbonate vs. NAC + IV bicarbonate) have a lower risk of cardiac

saline or bicarbonate) outcomes than NAC plus IV fluids (or
bicarbonate)

Hospitalization, length of |RCT: 2 (488) Low Direct Inconsistent Imprecise Insufficient | Insufficient strength of evidence that

stay (statins + IV saline
vs. IV saline)

statins plus IV fluids have a lower risk of
increased length of hospital stay than IV
fluids alone.

CIN=contrast-induced nephropathy; IV=intravenous; N=sample size; NA=not applicable; NAC=N-acetylcysteine; RCT=randomized controlled trial; RRT=renal replacement

therapy

* Includes studies examined in meta-analysis because of comparability of intervention and control arms
+O0ne study included in this meta-analysis compared statin + NAC + sodium bicarbonate + IV saline with NAC + sodium bicarbonate + [V saline.
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Adenosine Antagonists Plus 1V Saline Versus IV Saline

Elevated adenosine levels contribute to the pathophysiology of acute reductions in kidney
function through the induction of renal vasoconstriction after contrast media exposure. '
Adenosine antagonists belonging to the xanthine drug class, such as theophylline and
aminophylline, could theoretically prevent CIN by intervening along this pathway. This would
consequently preserve renal blood flow and glomerular filtration perfusion pressure.'®

Study Characteristics

We found a total of five studies that reviewed the role of adenosine antagonists in the
prevention of CIN: four examined theophylline,*!6%167:1¢8 and one examined aminophylline.®® All
five were RCTs. One®® used IV contrast media and the others used contrast media that were
administered intra-arterially.>!-66167:188 Foyr studies used LOCM agents, %168 31 and one used
IOCM.'®7 All studies used IV saline prior to and after the procedure, and administered
intervention drugs prior to and after the procedure. Two studies used elevated serum creatinine
as an inclusion criterion,®"!":1%® one included only those with at least one risk factor for CIN, !
one used coronary artery disease as an inclusion criterion,*® and one included a population
without kidney disease or diabetes mellitus.®® The followup for all of the studies was between
483166167 and 72 hours®®!'%® for CIN outcomes (Appendix E, Evidence Tables E-1, E-3, E-23).3!
The studies were published from 2008% through 2012.'®® (Appendix E, Evidence Tables E-1, E-
3, E-23). Four of the studies had more than one important study limitation,*!*® and one had low
risk of bias based on the five criteria described in the methods for assessing risk of bias for
individual studies (Appendix F).'*® Some of the studies had low scores for allocation
generation,>® allocation concealment,*!6¢%% masking of intervention,*!%¢%® and incomplete
outcome reporting 58167

We identified one observational study that compared an adenosine antagonist with IV saline
in 52 patients.'®® The country of origin was not identified in this study. The average age ranged
from 71 to 72, 44 percent of patients had diabetes mellitus, and all patients had been diagnosed
with renal insufficiency.

Contrast-Induced Nephropathy

Regarding the intra-arterial administration of contrast media: the results of our primary
analysis were mixed with regard to the incidence of CIN with adenosine antagonists plus IV
saline compared with IV saline. Of the three studies that only examined theophylline against IV
saline, two showed a clinically important increase in CIN in the theophylline group that was not
statistically significant,’®!%” and one demonstrated a clinically important reduction in CIN in the
theophylline group that was statistically significant.!6® Other studies compared intra-arterial
administration of contrast media containing multiple comparison arms.>!: In the two studies
with multiple comparisons, the arms involving the adenosine antagonists had less CIN than the
IV saline arms; however, one study’! examined theophylline in combination with N-
acetylcysteine and not on its own (Figure 12).

In the meta-analysis exploring all studies involving a comparison between adenosine
antagonists plus IV saline and IV saline alone, the confidence interval was so wide that we could
not rule out a clinically important decrease or increase (pooled risk ratio with Knapp-Hartung
method, 0.80; 95% CI: 0.01 to 44.48) (Figure 12). The strength of evidence was insufficient to
support a conclusion about the effect of adenosine agonists on the risk of CIN because the study
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results were imprecise and inconsistent, and the study limitations were medium (Table 7; see
Appendix G for study limitations).

Only one study®® examined the effect of theophylline in a population for which contrast
media was administered IV. It demonstrated a clinically important increased risk of CIN with
theophylline that was not statistically significant (Figure 12).

One of the studies was not included in our meta-analysis.?! It included N-acetylcysteine in
one of the interventions and the p-value was calculated across the three arms (Appendix E,
Evidence Table E-24).

The results of the observational studies were similar to those reported in the RCTs regarding
the comparison of the risk of CIN with aminophylline versus IV saline.!®

Other Outcomes

Four of the five studies reporting on adenosine antagonists reported on other outcomes. Two
studies reported no events for the need for renal replacement therapy, cardiac events, mortality,
and length of stay.>"!” Two additional studies reported no cardiac events.®®!1%® The strength of
evidence was insufficient to determine the effect of adenosine antagonists on the need for renal
replacement therapy, cardiac events, length of hospital stay or mortality (Table 7; Appendix E,
Evidence Table E-25; see Appendix G for study limitations).

Adverse events were not reported in a standardized manner and were rarely analyzed, so we
were unable to draw any conclusions around whether or not the incidence of adverse events
differed between adenosine antagonists versus fluids (Appendix E, Evidence Table E-26).
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Figure 12. Meta-analysis of adenosine antagonists plus IV saline versus IV saline for the prevention of contrast-induced nephropathy

. CIN events, N (%)
Adenosine

Author. vear Population i Placebo - RR (95% Cl)
Antagonists Adenosine Placebo
Antagonists
]
I
Theophylline + Saline X
I
I
Demir. 2008%  General Theophyliing NS 40200y 0(0.0) : * > 7.6(0.4,132.5)
I
1
Matejka, 20107 Renal dysfunction Theophylline NS 3(9.68) 0(0.0) i ¢ 5.2(0.3,96.4)
I
I
Bilasy, 201282 Moderate risk for CIN ~ Theophylline NS 0(0.0) 6 (20.0) { * | 0.1(0.0,1.6)
I

Aminophylline + Saline

Kinbara, 2010%  Cardiac Disease Aminophylline NS 0(0.0) 4(26.7) { 0.1(0.0,2.4)

Subtotal (I-squared = %, p = .} <>:=' 0.14 (0.01, 2.39)
1
|
— ]
|
1
1
1

Subtotal (I-squared = §5.9%, p = 0.799) ‘<> 1.56 (0.00,1102.26)
:
1
I
I
1
I
|
I
I
I
I

> 0.80 (0.01, 44 48)

Overall (I-squared = 62.7%, p =0.871)

MOTE: Weights arefrom random effects analysis

I I I I I
.01 2 51 50 100 1200
— Favors Adenosine Antagonists Favors Placebo —

Risk Ratio and 95% Confidence Intervals

Y%=percent; Cl=confidence interval; CIN=contrast induced nephropathy; N=sample size; NS=normal saline (0.9%); p=p-value; RR=risk ratio
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Table 7. Summary of the strength of evidence: adenosine antagonists plus IV saline versus IV saline

Outcome

Study Design:
No. Studies (N)

Study Limitations

Directness

Consistency

Precision

Strength of
Evidence

Summary of Key
Outcomes

Development of
CIN,* (meta-
analysis)

RCT: 5 (3647)

Medium

Direct

Inconsistent

Imprecise

Insufficient

Insufficient strength of
evidence about the effect of
adenosine antagonists on
the risk of CIN

Need for RRT

RCT: 2 (200)

Medium

Direct

Inconsistent

Imprecise

Insufficient

Insufficient strength of
evidence about the effect of
adenosine antagonists on
the need for renal
replacement therapy

Cardiac events

RCT: 4 (300)

High

Direct

Inconsistent

Imprecise

Insufficient

Insufficient strength of
evidence about the effect of
adenosine antagonists on
the risk of cardiac events

Mortality

RCT: 2 (200)

Medium

Direct

Inconsistent

Imprecise

Insufficient

Insufficient strength of
evidence about the effect of
adenosine antagonists on
mortality

Length of stay

RCT: 2 (200)

Medium

Direct

Inconsistent

Imprecise

Insufficient

Insufficient strength of
evidence about the effect of
adenosine antagonists on
the length of stay

CIN=contrast-induced nephropathy; N=sample size; RCT=randomized controlled trial; RRT=renal replacement therapy
* Includes studies examined in meta-analysis because of comparability of intervention and control arm
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Renal Replacement Therapy Versus IV Fluids

Because contrast media clearance is usually delayed in an impaired kidney, hemodialysis and
hemofiltration have been examined as possible methods for removing more IV contrast media in
those with chronic kidney disease to reduce the risk of further kidney injury.!’%!”! Studies
demonstrate that 2 to 3 hours of hemodialysis effectively removes 60 to 90 percent of contrast
media, but the clinical effects are not clear. Continuous venovenous hemofiltration is based on
high-volume controlled hydration, which in theory reduces kidney exposure to the contrast
media; however patients need to be in an intensive care setting for continuous monitoring.

Study Characteristics

Our search identified six RCTs on use of hemodialysis or hemofiltration with a total study
population of 790 patients. These trials compared renal replacement therapy with IV fluids; four
assessed the use of hemodialysis®®!">"17* and two assessed the use of hemofiltration.!”>!7® All of
the studies included patients with chronic kidney disease who were undergoing cardiovascular
interventions. Only one study included patients undergoing additional procedures.!” In all of the
studies, contrast media included LOCM and was administered intra-arterially (two studies also
administered it intravenously).!”>!”® These studies were completed between 1998 and 2007 and
were conducted in Germany,>®!">!7* Italy,!7>!7® and Switzerland.!”> The mean age of patients
ranged from 57 to 70. All studies included patients with different stages of chronic kidney
disease at baseline; the percentage of patients with diabetes mellitus ranged from 23 to 64
percent.

Our search identified three observational studies with a total study population of 503
patients; these studies compared renal replacement therapy with IV fluids; one study assessed the
use of hemodialysis'”” and two assessed the use of hemofiltration.!”®!7® All studies included
patients with chronic kidney disease who were undergoing cardiovascular interventions. Contrast
media included LOCM in all studies and was administered intra-arterially in all studies. These
studies were completed between 1991 and 2013 and were conducted in Japan'’”!” and Italy.!”®
The mean age of patients ranged from 69 to 83. All studies included patients with different
stages of chronic kidney disease at baseline, and the percentage of patients with diabetes mellitus
ranged from 41 to 68 percent. Hemodialysis was started in all of the studies after the contrast
media was administered, while hemofiltration was started before contrast media administration;
some of the hemofiltration studies started hemofiltration both before and after contrast media
administration, to evaluate the effects of timing'’%!”® (Appendix E, Evidence Tables E-1, E-3, E-
27). All studies had important study limitations based on the five criteria described in the
methods for assessing risk of bias for individual studies (Appendix F).!7® All studies had an
increased risk of bias because of the absence of blinding of the allocated intervention. Some
studies were limited by problems with allocation generation,’”!7>!74 allocation
concealment,’!72-174175 and incomplete outcome reporting,!”%173:173

Contrast-Induced Nephropathy

None of the studies on hemodialysis reported a statistically significant difference between the
use of IV fluids and hemodialysis in preventing CIN.!7>17* The incidence of CIN was similar in
both groups for all of the studies comparing hemodialysis and IV saline. The only study
assessing hemodialysis plus IV glucose and saline®” found that patients on hemodialysis had
higher rates of CIN at 72 hours than those on IV saline only and those receiving N-acetylcysteine
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(15.9% vs. 6.1% and 5.3%; p = 0.008), but this study also found that when the rate of CIN was
reassessed thirty to sixty days later, this effect had disappeared. Because this study measured
creatinine at time points that were different from the other studies, the studies were not
comparable (Appendix E, Evidence Table E-27).%° The pooled analysis using the Knapp-Hartung
method for the three studies comparing hemodialysis with IV saline yielded a pooled risk ratio of
1.50, which is consistent with a clinically important increased risk (95% CI: 0.56 to 4.04, Figure
13).

The studies indicated that prophylactic hemodialysis does not prevent the incidence of CIN
in patients with chronic kidney disease, regardless of the stage, the duration of the dialysis (from
2 to 4 hours), or the time between contrast media administration and initiation of dialysis. No
benefit was found when hemodialysis was started before the contrast media was given.!”* The
two studies that included results on contrast media clearance!’*!"* demonstrated that peak levels
of contrast media were lower in the hemodialysis group than in the control group during the
initial hours after contrast media administration, but also showed that the effect of dialysis was
no longer significant after 72 hours; after 72 hours, elimination half-life was comparable in both
arms. This finding correlated with the lack of a clinical effect (Appendix E, Evidence Table E-
29). The strength of evidence was low that hemodialysis does not reduce the risk of CIN and
may even be harmful, because the effects of hemodialysis were consistent and direct but
imprecise, the magnitude of effect was weak, and the study limitations were high (Table 8; see
Appendixes F and G for study limitations).

The study by Frank et al.'”* was not included in the pooled analysis because it did not
provide data for the incidence of CIN. It only reported an insignificant difference between arms
(Appendix E, Evidence Table E-28).

The only observational study addressing this comparison showed that patients on
hemodialysis had higher rates of CIN than those on IV saline, with a more harmful effect shown
in those with more deteriorated renal function.!”’

The studies comparing hemofiltration with IV fluids reported that patients with severe
chronic kidney disease may have a lower incidence of CIN. In these studies, this benefit was
evident only when hemofiltration was started before contrast media administration. As Marenzi
et al.!’® showed, when hemofiltration was started after the contrast media administration, its
benefit was lost and the risk for developing CIN was comparable to patients receiving IV saline
only. This effect was confirmed by the observational studies. While one RCT of hemofiltration
included more than 50 patients with stage 3 to 4 chronic kidney disease per arm and the other
RCT included about 30 patients per arm with severe chronic kidney disease, the conclusions
were similar (Appendix E, Evidence Table E-29). The Harbord’s modified test for small study
effects did not show evidence of asymmetrical effects by study size (bias coefficient of 4.36,
standard error of 5.90, p=0.595).

The evidence was insufficient to determine whether or not hemofiltration reduced the risk of
CIN in patients with pre-existing severe chronic kidney disease, because of high study
limitations, small study size, and the concern that both studies were from the same authors (i.e.,
they were not independently replicated). The hemofiltration studies were not combined with the
hemodialysis studies in the pooled analysis due to their different designs.

Other Outcomes

Five of the studies on renal replacement therapy reported on other outcomes.'”>"!’¢ Four
reported on the need for renal replacement therapy; two hemodialysis studies,’”!”* and two
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hemofiltration studies '7>!7® Three reported on cardiac outcomes; two hemodialysis studies!’>!74
and one hemofiltration studies.!”® Four reported on mortality; Two hemodialysis studies,>!”?
two hemofiltration studies.!”>76

The studies comparing hemofiltration with IV saline demonstrated that patients may benefit
from hemofiltration because they have a lower risk of emergency renal replacement therapy
(18% vs. 0%, p <0.001),'” or further renal replacement therapy (25% vs. 3%, p< 0.001'7> and
30% vs. 10%, p=0.02'7%), and lower risk for mortality (14% vs. 2%, p=0.02).!”® This benefit was
evident only when hemofiltration was started before contrast media was administered. As
Marenzi et al.'”® showed, when hemofiltration was started after the administration of contrast, its
benefit was lost and the risk for developing CIN was comparable to those patients receiving
hydration only. This finding was supported by Spini et al.,'” who found a higher overall
mortality for the patients who had continuous renal replacement therapy only after contrast
media administration (57% vs. 16%, p=0.009; Appendix E, Evidence Table E-29). There was,
however, a limitation to this group of studies; the studies that compared hemofiltration versus [V
fluids were confounded by the use of IV bicarbonate with the hemofiltration. Insufficient
evidence was available to support a conclusion about whether hemofiltration reduces the need
for renal replacement therapy (Table 8).

The strength of evidence also was insufficient to determine whether renal replacement
therapy (either hemofiltration or hemodialysis) reduces the risk of other outcomes due to the
heterogeneity of the studies, comparators, and outcomes measured (Table 8; see Appendix G for
study limitations).

Adverse events were reported in five studies (Appendix E, Evidence Table E-30
The main adverse events reported were hematomas, blood loss, urinary retention, and/or anuria.
Adverse events were not reported in a standardized manner and they were rarely analyzed in
these studies, so we were unable to draw any conclusions regarding whether or not the incidence
of adverse events differed between patients receiving renal replacement therapy and those who
did not.

and

) 59,173-176
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Figure 13. Meta-analysis of hemodialysis versus IV fluids for the prevention of contrast-induced nephropathy

Overall (I-squared = 15.67%, p= 0.219)

MNOTE: Weights are from random effects analysis

CIN events N (%)

Author. year Population Dialysis IV Fluid RR (95% CI)
T
1
|
I

Lehnert, 1998172 Renal dysfunction 8(53) 6 (40) : 1.2(0.5,2.0)
1
|

Vogt, 2001772 Renal dysfunction 17 (30.9) 15 (25.8) -0—|—: 1.1(0.6,2.1)
I
I
i
|

Reinecke, 2007% Renal dysfunction 18 (15.9) 7 (6) T * 2.4(1.0,55)
1
1
1

1.50 (0.56, 4.04)

T
2
«—Favors Dialysis

5

2 5 10
Favors IV fluids—

Risk Ratio and 95% Confidence Intervals

%-=percent; Cl=confidence interval, CIN=contrast-induced nephropathy; CKD=chronic kidney disease; Cr=creatinine; IV=intravenous; LOCM=low-osmolar contrast media;
N=sample size; P=p-value; RR=risk ratio
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Table 8. Summary of the strength of evidence: renal replacement therapy versus fluids

Study Study Strength of
Outcome Design: No. L Directness Consistency Precision . Summary of Key Outcomes
’ Limitations Evidence
Studies (N)

Development of RCT: 4 High Direct Consistent Imprecise Low* Low strength of evidence that

CIN HD studies (584) hemodialysis does not decrease the
risk of CIN compared with 1V fluids

Development of RCT: 2 High Direct Consistent Imprecise Insufficient Insufficient strength of evidence that

CIN HF studies (206) hemofiltration does not decrease the
risk of CIN compared with 1V fluids

Need for RRT HD RCT: 2 High Direct Inconsistent Imprecise Insufficient Insufficient strength of evidence that

studies (504) hemodialysis does not decrease the
need for renal replacement therapy
compared with IV fluids

Need for RRT HF RCT: 2 High Direct Inconsistent Imprecise Insufficient Insufficient strength of evidence that

studies (230) hemofiltration does not decrease the
need for renal replacement therapy
compared with IV fluids

Cardiac events HD | RCT: 2 High Direct Inconsistent Imprecise Insufficient Insufficient strength of evidence that

studies (526) hemodialysis does not decrease the
risk of cardiac outcomes compared
with 1V fluids

Cardiac events HF | RCT: 1 Medium Direct Only 1 study Imprecise Insufficient Insufficient strength of evidence that

studies (113) hemofiltration does not decrease the
risk of cardiac outcomes compared
with IV fluids

Mortality HD RCT: 2 High Direct Inconsistent Imprecise Insufficient Insufficient strength of evidence that

studies (504) hemodialysis does not decrease the
risk of mortality compared with 1V
fluids

Mortality HF RCT: 2 Medium Direct Only 1 study Imprecise Insufficient Insufficient strength of evidence that

studies (130) hemofiltration does not decrease the

risk of mortality compared with IV
fluids

CIN=contrast-induced nephropathy; HD=hemodialysis; HF=hemofiltration; RCT=randomized controlled trial; RRT=renal replacement therapy
*The strength of evidence was graded as low rather than insufficient because the results were precise enough to rule out a clinically important benefit. The results were not precise
enough to determine if hemodialysis produced an increase or no difference in the risk of CIN.
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Ascorbic Acid Versus 1V Fluids

Contrast media causes vasoconstriction, hypoperfusion, and hypoxia with generation of
reactive oxygen species, which results in indirect injury and further vasoconstriction. As an
antioxidant, ascorbic acid acts as a scavenger of reactive oxygen species, reducing oxidative
stress and possibly preventing CIN, 130181

Study Characteristics

Our search identified eight RCTs with a total study population of 1930 patients that
compared the use of ascorbic acid with various hydration regimens and other interventions used
to prevent CIN.3*!132-188 A[] of these studies included patients undergoing cardiovascular
interventions using intra-arterial LOCM. These studies were completed between 2004 and 2013
and were conducted in Germany,**!'3? Canada,'® China,'® Italy,'®” Korea,'®® Saudi Arabia'®® and
Slovenia.'®® The mean age of patients ranged from 61 to 74. The percentage of patients with
diabetes mellitus ranged from 26 to 83 percent, and all studies included patients with mild or
moderate chronic kidney disease but excluded patients with end-stage renal disease or those
requiring hemodialysis.

Six studies compared the combination of ascorbic acid and IV fluids with IV fluids
alone.>*182-186 two of these studies added an N-acetylcysteine arm to the comparison,**!86
two studies only compared ascorbic acid with N-acetylcysteine added to hydration.'8”-188

In all eight studies, ascorbic acid was started prior to contrast media administration, with the
total doses ranging from 1 gram as a unique dose'®? or split between two doses®* to 7 grams split
between three doses within 24 hours of contrast.!33-13% (Appendix E, Evidence Tables E-1, E-3,
E-31).

Two studies had medium risk of bias, and six had low risk of bias based on the five
criteria described in the methods for assessing risk of bias for individual studies (Appendix
F).34182.184186-188 The |imitations were due to problems with allocation generation, 82183183
allocation concealment, 83183188 and Jack of blinding regarding the allocated
intervention,!83185.186

and

183,185

Contrast-Induced Nephropathy

Six studies were included in our meta-analysis comparing ascorbic acid to IV saline.
The studies excluded from the meta-analysis included those using N-acetylcysteine in the
intervention and in the control arm. (Appendix E, Evidence Table E-31) When evaluating the
efficacy of prophylactic ascorbic acid administration against IV fluids alone in the prevention of
CIN. Four studies**!'#>18186 found a reduction of CIN in the intervention arm; three found this
reduction to be clinically important (beyond our 25% threshold for a minimally important
difference).!8% 18418 The remaining two studies found a slight but statistically insignificant
increase of CIN in the intervention arm (6.7% vs. 4.3%'%? and 6.3% vs. 5.4%'%%).

Three studies compared ascorbic acid directly with N-acetylcysteine.>*13%18% A fourth study
incorporated N-acetylcysteine into the treatment regimen of all arms.'®” While one of the three
studies found a statistically insignificant increase in CIN with the use of ascorbic acid (4.4% vs.
1.2%)!3® the other two showed a slight decrease in CIN incidence in the ascorbic acid arm
(24.5% vs. 27.6% ** and 3.6% vs. 8.5%'%). When ascorbic acid was added to N-acetylcysteine,
ascorbic acid slightly increased the risk of CIN when compared with N-acetylcysteine alone
(10.3% vs. 9.9%'87 and 9.1% vs. 8.5%'%%).

34,182-186
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In the meta-analysis using the Knapp-Hartung method, the pooled estimate of the effect of
ascorbic acid plus IV fluids compared with IV fluids alone**!82186 demonstrated a statistically
insignificant but clinically important reduced risk of CIN with ascorbic acid use (pooled risk
ratio 0.72; 95% CI: 0.48 to 1.01) (Figure 14) A meta-analysis using the Knapp-Hartung method
showed a clinically unimportant decrease in CIN in the ascorbic acid group (RR: 0.89; 95% CI:
0.34 to 2.30).(Figure 15). Our review showed no substantial difference in stratified analyses by
study inclusion criteria for baseline kidney function. Harbord’s modified test for small study
effects did not demonstrate evidence of asymmetry in results by study precision for ascorbic acid
plus IV fluid versus compared with IV fluid alone (bias coefficient of 0.39, standard error of
0.76, p =0.63). The Harbord's modified test for ascorbic acid compared with N-acetylcysteine
had similar results (bias coefficient of 0.41, standard error of 1.62, p=0.843). The dose or timing
of the intervention did not affect the results.

The strength of evidence was low for demonstrating that ascorbic acid plus IV fluids did not
have a clinically important effect in preventing CIN compared with IV fluids alone, when
considering study limitations, directness, consistency, and precision (Table 9; see Appendixes F
and G for study limitations).

Other Outcomes

Other outcomes were reported in four of the studies on ascorbic acid: three on renal
replacement therapy, 33187188 three on cardiac outcomes,!®*!8%1%8 one on mortality,'®® and one on
length of stay.'® No clinically important or statistically significant differences were seen in the
need for dialysis, but very few events were reported.'3*!87-188 Findings were similar in the studies
reporting on cardiac outcomes.!8>!83:188 The study reporting on mortality very few deaths were
reported.'8”!88 There was insufficient evidence to determine if ascorbic acid was more effective
than N-acetylcysteine at reducing the need for renal replacement therapy, reducing mortality, or
cardiac events. The strength of the evidence was low that ascorbic acid was more effective than
IV saline at reducing the need for renal replacement therapy or cardiac events, and insufficient to
determine if there was an impact on length of hospitalization (Table 9; Appendix E, Evidence
Table E-31; see Appendixes F and G for study limitations).

The absence of adverse events was reported only in two studies. We were not able to draw
any conclusions about the incidence of adverse events based on those two reports. (Appendix E,
Evidence Table E-34).
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Figure 14. Meta-analysis of ascorbic acid versus IV fluids for the prevention of contrast-induced nephropathy

o
Author, year  Population  AscorbicAcid  Placebo CIN events. N (%) RR (35% Cl)
Ascorbic Acid Placebo
:
1
Spargias, 2004' CKD AA+ NS Placebo + NS 11(9.3) 23(20.4) — 0.5(0.3,1.0)
I
|
Boscheri, 200778 CKD AA+ NS Placebo + NS 5(6.8) 3(4.3) T + 1.5(0.4,6.1)
|
:
Zhou, 201218 CKD AA+ NS NS 6(7.3) 4(5.4) : * 1.3(0.4,4.5)
1
:
Dvorsak, 20138 CKD AA+ NS Placebo + NS 2(5.0) 3(7.3) 4 0.7(0.1,4.0)
I
|
Albabtain, 2013'%% Diabetes or CKD  AA + NS NS 2(3.9) 4(6.1) - 0.6(0.1,3.1)
:
|
Brueck, 2013 CKD AA + NS Placebo + NS 24(24.5) 62(32.1) T 0.8(0.5,1.2)
|
|
Overall (I-squared = 0.0%, p = 0.099) <>> 0.72(0.48,1.01)
[
|
:
1
NOTE: Weights are from random effects analysis !
|
[ I | | I I

N 2 B 1 2 5 25
—Favors Ascorbic Acid Favors Placebo—

Risk Ratio and 95% Confidence Intervals

%=percent; AA=ascorbic acid; CI=confidence interval; CIN=contrast-induced nephropathy; CKD=chronic kidney disease; Cr=creatinine; LOCM=low-osmolar contrast media;
N=sample size; NS=normal saline; P=p-value; RR=risk ratio
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Figure 15. Meta-analysis of ascorbic acid versus N-acetylcysteine for the prevention of contrast-induced nephropathy

CIN events, N (%)

Risk Ratio and 95% Confidence Intervals

Author,year  Population AS:"_L""’ NAC RR (95% Cl)
c Ascorbic  yac
Acid
K
1
1
\
1
Jo, 2009122 CKD AA+H MNAC + H 4(4.40) 1(1.20) ; =  35(0.4,31.0)
1
1
:
]
Albabtain, 2013'% CKD AA+H MAC +H 2(351)  5(8.06) < : 05(0.1,2.3)
1
1
1
|
1
Brueck, 20133 CKD AA+H MNAC +H 24(24.5) 53(27.6) —— 0.9(0.6,1.4)
1
1
|
Overall (I-squared = 16.36%, p= 0.651) : 0.80(0.34, 2.30)
1
1
1
1
1
1
1
I
1
NOTE: Weights arefrom random effects analysis :
T T I T T T
A 2 5 1 2 5 25
+—Favors Ascorbic Acid Favors NAC—

Y%=percent; AA=ascorbic acid; CI=confidence interval; CIN=contrast induced nephropathy; CKD=chronic kidney disease; H=hydration; NAC=N-acetylcysteine; p=p-value;

RR=risk ratio
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Table 9. Summary of the strength of evidence: ascorbic acid versus IV saline

of stay (ascorbic acid
plus IV saline versus
IV saline)

Outcome ,\?(t)l_]g)t/u%ie;g(r&l') Lirr?ittl:a(tji)(l)ns Directness | Consistency Precision Sgﬁgg;hcgf Summary of Key Outcomes
Development of CIN, RCT: 6 (1387) Low Direct Inconsistent Imprecise Low Low strength of evidence that
ascorbic acid plus IV ascorbic acid plus IV saline does
saline versus IV not have a clinically important
saline (meta-analysis) benefit in preventing CIN

compared with IV saline alone
Development of CIN, RCT: 3 (583) Low Direct Inconsistent Imprecise Low Low strength of evidence that
ascorbic acid versus ascorbic acid does not have a
N-acetylcysteine clinically important benefit in
(meta-analysis) preventing CIN compared with N-
acetylcysteine
Need for RRT 2 (397) Medium Direct Consistent Imprecise Low Low strength of evidence that
(ascorbic acid plus IV ascorbic acid does not differ from
saline versus IV IV saline alone in preventing need
saline) for renal replacement therapy
Need for RRT RCT: 1 (212) Medium Direct Only 1 study | Imprecise Insufficient Insufficient strength of evidence to
(ascorbic acid versus determine if ascorbic acid does not
N-acetylcysteine) differ from N-acetylcysteine in
preventing need for renal
replacement therapy
Cardiac events RCT: 2 (237) Medium Direct Consistent Imprecise Low Low strength of evidence that
(ascorbic acid plus IV ascorbic acid does not differ from
saline versus IV IV saline alone in preventing
saline) cardiac outcomes
Cardiac events 1(212) Medium Direct Only 1 study | Imprecise Insufficient Insufficient strength of evidence to
(ascorbic acid versus determine if ascorbic acid does not
N-acetylcysteine) differ from N-acetylcysteine in
preventing cardiac outcomes
Mortality (ascorbic RCT: 1 (212) Medium Direct Only 1 study | Imprecise Insufficient Insufficient strength of evidence to
acid versus N- determine if ascorbic acid does not
acetylcysteine) differ from N-acetylcysteine in
preventing mortality
Hospitalization, length | 1 (156) Medium Direct Only 1 study | Imprecise Insufficient Insufficient strength of evidence to

determine if ascorbic acid does not
differ from IV saline alone in length
of hospital stay

CIN=contrast-induced nephropathy; [IV=IV; N=sample size; NA=not applicable; RCT=randomized controlled trial; RRT=renal replacement therapy
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Miscellaneous Comparisons

Many studies identified in our search did not fall into any of the main comparison groups
listed above. We identified these comparisons as miscellaneous and categorized them into the
following groups: N-acetylcysteine versus other interventions; sodium bicarbonate versus other
interventions; N-acetylcysteine plus sodium bicarbonate versus other interventions; diuretics
versus other interventions; vasoactive drugs versus other interventions; antioxidants versus
fluids; dopamine versus other interventions; and head-to-head comparisons of different regimens
for giving fluids. We summarized the findings of these miscellaneous comparisons below. All
studies investigated the impact of the interventions on CIN. Full details are in Appendix H,
Miscellaneous Comparisons, and Appendix I, Evidence Tables for Miscellaneous Comparisons.

N-Acetylcysteine Versus Other Interventions

We found 24 studies comparing N-acetylcysteine with other interventions including ascorbic
acid,>*!%7 nebivolol,’* atorvastatin,'*! aminophylline,*® theophylline,*!6%1% fenoldopam,28:!°%-1°!
misoprostol,®® IV fluids,®%126:132 allopurinol,’® and dialysis. ** There was substantial
heterogeneity across these studies in terms of: dose of N-acetylcysteine; dose, type and duration
of IV fluids; sample size; and follow-up period. The definition of CIN varied across studies as
well. Because of the large heterogeneity of studies, a meta-analysis was not performed. A more
detailed description of studies in this group and a summary of outcomes can be found in
Appendixes H and 1.

Sodium Bicarbonate Versus Other Interventions

We found four studies comparing sodium bicarbonate with other interventions not involving
N-acetylcysteine.!2#127:12%:192 The comparison interventions included acetazolamide,'?’ long-term
versus short-term sodium bicarbonate,'?® IV sodium bicarbonate versus oral sodium
bicarbonate,'?* and saline versus saline plus sodium bicarbonate. Two studies used IOCM, two
used LOCM, and one used both LOCM and IOCM. There was considerable heterogeneity across
studies in terms of dose of sodium bicarbonate, dose and duration of other comparators, sample
size, and follow-up period. All studies with the exception of one defined CIN as an increase of
serum creatinine of 25% or at least 0.5 mg from baseline. Because of the large heterogeneity of
studies, a meta-analysis was not performed. A more detailed description of studies in this group
and a summary of outcomes can be found in Appendixes H and I.

N-Acetylcysteine Plus Sodium Bicarbonate Versus Other

Interventions

We found eight studies comparing N-acetylcysteine plus sodium bicarbonate versus other
interventions, six RCTs, % !28132.187.193.194 and 2 observational 3%128:132:187.193-19 1y a]] studies,
sodium bicarbonate was given IV at 3 ml/kg/hour or at 1 ml/kg/hour, before and after contrast
media administration. A total of two doses of N-acetylcysteine was given prior to and after
contrast media administration. All studies used IOCM. However, two studies also included
administration of LOCM. N-acetylcysteine plus sodium bicarbonate was compared to N-
acetylcysteine plus normal saline,'?®!87 Renal Guard,'** sodium bicarbonate plus dextrose,'*? or
sodium bicarbonate alone.!** The study population for all trials was comprised of patients with
renal dysfunction who were undergoing coronary interventions or another major arteriographic
procedure, and three of the studies only included patients with Stage 3 or Stage 4 chronic kidney
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disease.!*>!1931%4 Dye to the substantial heterogeneity of the comparators, and follow-up periods,
a meta-analysis was not performed. A more detailed description of studies in this group and a
summary of outcomes can be found in Appendixes H and L.

Diuretics Versus Other Interventions

We found three studies comparing the use of different diuretics (furosemide, mannitol, and
acetazolamide) in combination with IV saline to prevent CIN.!712%1°7 Al[ studies included
patients undergoing cardiovascular interventions and all studies included patients with diabetes
mellitus. Two studies used LOCM and one used IOCM. Two studies evaluated furosemide as the
diuretic of interest.!”"'7 These two studies used it as a single comparator!”!*” Diuretic
administration was given IV in all of the studies, but the protocols and doses varied. One study
evaluated the effects of mannitol,!” and another included acetazolamide. Due to the substantial
heterogeneity of the comparators, and follow-up periods, a meta-analysis was not performed. A
more detailed description of studies in this group and a summary of outcomes can be found in
Appendixes H and 1.

Vasoactive Agents Versus Other Interventions

We found 13 studies comparing vasoactive agents to other interventions: 12 RCTs,
191198204 and 1 observational;?%’ four studies on fenoldopam;?%!°%19L198 two on calcium
antagonists (one with nifedipine),®® one with the combination of amlodipine and valsartan, an
angiotensin receptor blocker)???; one on benazepril (an angiotensin converting enzyme
inhibitor),?’! and one on nevibolol (a beta blocker).”> We also include in this section two studies
that investigated the need for suspending the use of an angiotensin converting enzyme inhibitor
or an angiotensin receptor blocker before receiving contrast media.?**?%* One study included
only patients undergoing CT imaging,®® and the remainder of the studies included patients
undergoing cardiovascular interventions. All studies included patients with diabetes mellitus, but
only one performed subgroup analysis for this population.'®! Four studies use LOCM, three used
IOCM, and one used both IOCM and LOCM. The studies were very heterogeneous, from the
medications included to the doses used. A more detailed description of studies in this group and
a summary of outcomes can be found in Appendixes H and 1.

28,68,72,190,

Antioxidants Versus Hydration

We found seven studies evaluating different antioxidant strategies for preventing CIN. The
antioxidant probucol was evaluated in two of these studies,?**?°” while two investigated
pentoxifylline, an antioxidant and anti-inflammatory agent,?®2% and the other two investigated
sodium-2 mercaptoethanesulfonate (MESNA), a scavenger of reactive oxygen species,?!’ zinc,
which has the potential to act as an “endogenous antioxidant” via increasing metallothionein,>
and trimetazidine, an antianginal agent which decreases free radicals, decreases oxygen
consumption and may also decrease renal ischemia.?!! All were conducted in patients with
impaired renal function (serum creatinine greater than 1.2 and less than 3.0 mg/dl) undergoing
coronary interventions and receiving LOCM. A more detailed description of studies in this group
and a summary of outcomes can be found in Appendixes H and 1.

Fluid Interventions

We found 13 studies comparing different fluid regimens.36-87:116:124.212-220 Notably, two studies
compared fluids to no fluids, with one comparing 0.45% saline?'* and the other investigating
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normal saline.?!” Four compared oral fluids to IV normal saline,3”1242!5220 and three compared

isotonic saline to hypotonic saline.?!®?!¥2!° Two studies compared standard dose IV normal
saline to high-dose IV normal saline.®®!!® The timing of hydration, whether prior to or after the
procedure, was compared in two studies.?!>?!7 Saline was separately compared with dextrose or
sodium bicarbonate in three studies.®”-?'®2!” One study compared standard IV hydration to a left
ventricular end diastolic pressure guided hydration protocol.?!* All of these studies defined CIN
as an increase in serum creatinine by 25 percent or a change in serum creatinine of 0.5mg from
baseline at 48 or 72 hours. However, one study also used an increase of glomerular filtration rate
from a baseline of 50 percent,?'? while another study recorded any CIN event between one to
four days. 2> A more detailed description of studies in this group and a summary of outcomes
can be found in Appendixes H and I.

Dopamine Versus Other Interventions

We found three studies assessing the effectiveness of dopamine in reducing CIN in patients
with impaired renal function; two RCTs,?2!*? and one observational study®** One of the studies
compared dopamine and a placebo,??? and another compared a combination of dopamine and
furosemide to a combination of dopamine, furosemide, mannitol, and saline.??* The remaining
study had three arms that compared dopamine, saline, and aminophylline.??! In all of the studies,
dopamine was administered prior to and after contrast media administration. In two of the
studies, the dose of dopamine was 2.5 micrograms/kg/min,??!**? and the other study used a dose
of 3 micrograms/kg/ml.??* One study had no definition set for CIN,?** while the other studies
defined CIN as a change in serum creatinine greater than or equal to 25 percent or greater than
0.5 mg from baseline. A more detailed description of studies in this group and a summary of
outcomes can be found in Appendixes H and 1.
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Discussion

We performed a comprehensive review of all major interventions to prevent CIN that are
explored in the literature. In this section, we highlight the interventions for which evidence of a
clinically important benefit is strongest and provide commentary on the limitations of the
evidence as well as the manner in which our results compare with the findings of previous
reviews that examined selected portions of this large body of evidence. We also discuss the
implications of our findings for clinicians, investigators, and policy makers (e.g., professional
societies that set guidelines on the use of contrast media, and health plans that make decisions
about coverage for interventions).

N-Acetylcysteine Plus IV Saline Versus IV Saline With or
Without Placebo

Our main meta-analyses indicated that compared with IV saline alone, low-dose N-
acetylcysteine (1200 mg/daily or less) had a borderline clinically important decrease in CIN in
patients receiving either intra-arterial or IV contrast media (risk ratio 0.75; 95 % CI: 0.63 to
0.89) or when either low (1200 mg daily or less) or high-dose (> 1200 mg daily) N-
acetylcysteine was used in patients receiving LOCM (risk ratio 0.69; 95 % CI: 0.58 to 0.84). The
strength of evidence was low for the first comparison (low-dose N-acetylcysteine) and moderate
for the second comparison (in patients receiving LOCM), primarily due to limitations in the
quality of studies and inconsistency in results. In comparison, a highly cited meta-analysis
published by the Annals of Internal Medicine in 2008 reported a relative risk of 0.62 (95% CI
0.44 to 0.88) for preventing CIN when studies were combined irrespective of the dose of N-
acetylcysteine.?!> An older meta-analysis, published in Lancet in 2003, reported a relative risk of
0.44 (95% CI 0.22 to 0.88) for preventing CIN with N-acetylcysteine.?!¢ In a recent meta-
analysis published in PLoS One in 2013, the risk ratio for CIN with N-acetylcysteine was 0.68
(95% CI10.46 to 1.02).!! One study has questioned whether N-acetylcysteine is effective at
preventing CIN or if it simply reduces serum creatinine.?!® This is an important finding;
however, the reduction in serum creatinine reported as significant was measured at 4 hours, and
it was insignificant at 48 hours, which was the timeframe for the assessment of CIN in this
report.

Our review included many more studies than any of those reviews, and showed a much
smaller effect for both high-dose and low-dose N-acetylcysteine. Our sensitivity analysis showed
a clinically important benefit (greater than 25% relative risk reduction) with N-acetylcysteine
plus IV saline compared with IV saline alone in reducing the incidence of CIN when LOCM was
used, but not when IOCM was used. Although this difference could be due to methodological
differences between the two sets of studies, the results were relatively consistent among the
studies involving use of LOCM, while the 95% confidence interval of the aggregate risk ratio
from studies involving use of IOCM ruled out a clinically important benefit. These findings raise
the possibility that the effectiveness of N-acetylcysteine could vary by type of contrast media.

The risk of CIN generally is considered to be higher with intra-arterial than with IV
administration of contrast media, raising the possibility that N-acetylcysteine could have greater
benefit in patients receiving intra-arterial contrast media. When we stratified the analysis by
route of administration of contrast media, the pooled risk ratios suggested the possibility of a
difference in the effectiveness of N-acetylcysteine in the direction of having a greater effect with
IV than intra-arterial contrast media: high-dose N-acetylcysteine (pooled risk ratio 0.78 versus

58



0.55, respectively for intra-arterial versus IV administration); low-dose N-acetylcysteine (pooled
risk ratio 0.77 versus 0.62, respectively for intra-arterial versus IV administration). However,
fewer studies have involved IV contrast media than intra-arterial contrast media, with resulting
CIs that were much wider for studies involving IV contrast media than for studies involving
intra-arterial contrast media. Thus, the evidence is insufficient to determine whether the
effectiveness of N-acetylcysteine in preventing CIN differs according to whether IV versus intra-
arterial administration was used. In contrast to a previous meta-analysis which reported a pooled
relative risk of 0.20 (95% CI: 0.07 to 0.57) for preventing CIN in patients receiving [V contrast
for a CT scan,?? our analyses did not demonstrate a clear benefit of N-acetylcysteine for patients
receiving IV contrast media. The previous meta-analysis included studies in which CIN was
defined not only by change in serum creatinine but also by changes in cystatin C. In addition, in
some of the studies included in this meta-analysis, the time frame for the definition of CIN was
longer than 72 hours. These differences may explain why the previous analysis came to a
different conclusions. More studies could help to determine whether there is a clinically
important benefit of administering N-acetylcysteine to patients receiving an imaging test when
the contrast media is administered IV.

Pre-test serum creatinine level may be an important covariate associated with CIN. Wu et al.,
20132 found that the risk of CIN was reduced with N-acetylcysteine in patients with a baseline
serum creatinine greater than 1.2 mg/d. They did not find a statistically significant benefit of N-
acetylcysteine in patients with a baseline serum creatinine less than 1.2 mg/d. When we
performed a sensitivity analysis similar to what Wu et al performed, we found that the mean
baseline serum creatinine for each study was not associated with a difference in the effect of N-
acetylcysteine on the incidence of CIN. This difference in results can be explained by somewhat
different criteria for inclusion in the review, and our inclusion of studies that showed no benefit
with N-acetylcysteine. Since it is plausible that pre-test serum creatinine level may be associated
with an increased risk of CIN, further studies could help to elucidate whether N-acetylcysteine
would be beneficial in patients with a high preexisting serum creatinine level.

Because of the great variability in study protocols as well as the conflicting results of the
available clinical trials, the recommendations for N-acetylcysteine administration vary by
organization. For example, the joint American College of Cardiology/American Heart
Association 2012 guidelines do not recommend the use of N-acetylcysteine for patients receiving
intra-arterial contrast in cardiac procedures.??® In comparison, the 2012 Kidney Disease:
Improving Global Outcomes (KDIGO) Clinical Practice Guideline for Acute Kidney Injury
suggests using oral N-acetylcysteine with IV fluids in patients at increased risk for CIN, while
acknowledging that the quality of evidence is very low.??® The KDIGO recommendation is based
on the argument that although the overall benefit for N-acetylcysteine is not consistent or
overwhelming, it is inexpensive, appears to be safe, and has been shown in many studies to have
an effect in reducing the risk of CIN.?! Our analysis reveals a clinically important effect of low-
dose N-acetylcysteine and is consistent with the KDIGO guidelines. Although N-acetylcysteine
is inexpensive, and appears to be safe, the evidence may not be strong enough to support routine
use, especially without stronger evidence on clinical outcomes other than the incidence of CIN.

Sodium Bicarbonate Versus IV Saline

Our meta-analysis demonstrated with low strength of evidence that IV sodium bicarbonate
did not differ from IV saline in the incidence of CIN, although the confidence interval for the
aggregate effect estimate was not precise enough to rule out the possibility of a clinically
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important benefit with sodium bicarbonate. The strength of evidence also was low that IV
sodium bicarbonate did not produce a clinically important reduction in mortality or the need for
renal replacement therapy when compared with IV saline. However, we found evidence for
possible benefit of using sodium bicarbonate to prevent CIN in patients receiving LOCM
although the observed difference was not statistically significant. Our main result is contrary to
the conclusion of a recent meta-analysis of 19 clinical trials '’ investigating the effect of IV
sodium bicarbonate. Our analysis included 19 RCTs which compared only IV sodium
bicarbonate versus IV saline. In comparison, 5 of the 19 trials in the other meta-analysis were of
combination regimens of IV sodium bicarbonate and N-acetylcysteine which may have biased
the results in favor of sodium bicarbonate. This difference in the included studies may help to
explain why we did not find a clinically important effect favoring IV sodium bicarbonate
administration. Only two studies used IV contrast media administration, and hence it is difficult
to draw a conclusion about the effect of bicarbonate administration on the prevention of CIN in
patients receiving IV contrast media.!%!!4

N-Acetylcysteine Plus IV Saline Versus IV Sodium
Bicarbonate

We found seven RCTs>646:36:38.70.74.132 an{ two observational studies®’-!* addressing the
effects of N-acetylcysteine with concurrent administration of IV saline compared with IV sodium
bicarbonate. However, the evidence was insufficient to support a conclusion about the
comparative effectiveness of these two interventions in their ability to prevent CIN. We found no
other meta-analyses on this head-to-head comparison. Limitations of the head-to-head
comparison of N-acetylcysteine with concurrent administration of IV saline compared with IV
sodium bicarbonate included the small number of studies, the varying regimens of fluid
administration and N-acetylcysteine dosing, the variations in follow-up time, and variation in
inclusion criteria which predispose to CIN, as we described in the results section. If additional
studies are done to assess the comparative effectiveness of these two interventions, it would be
important to focus on comparing IV sodium bicarbonate to N-acetylcysteine with IV saline
especially in the setting of administration of LOCM, as both of these interventions demonstrated
a clinically important benefit in this subgroup of patients. Again, it would be important to
investigate this in patients with a high baseline serum creatinine in whom the risk of developing
CIN is likely higher.

Statins

We found a clinically important protective effect against CIN when statins were administered
in combination with IV fluids compared with IV fluids alone (8 RCTs), or in combination with
N-acetylcysteine compared to N-acetylcysteine alone (5 RCTs), but the effect was only
statistically significant in the latter comparison. We saw this treatment effect for both of the
above comparisons in populations with chronic kidney disease,!37-141:142,144,145.133,154,156-158
diabetes mellitus!*>15%158 cardiac disease,'*®!%%!56 and in general populations.'*!-15

These results are consistent with five??’-23! out of six recent meta-analyses on the comparison
of statins versus IV saline. The one recent meta-analysis that does not agree with the presence of
a clinically important benefit included four studies and had a CI wide enough to not rule out a
clinically important effect.*> One of the meta-analyses showing significant decreases in CIN in
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the statin group did not show a decrease in CIN in patients with chronic kidney disease greater
than stage 3.2%%

Currently, protocols for prevention of CIN in the United States do not include the use of
statins. It may be time to reassess the role of statins in preventing CIN, especially since statins
are readily available, easy to administer, and relatively inexpensive. Although our findings have
moderate strength of evidence, there are also reasons to move forward cautiously. First, it is
important to note that all studies evaluating the effect of statins to reduce the incidence of CIN
were done using intra-arterial administration of contrast media. Hence, its protective effect
against CIN for IV contrast media administration is not known. Second, it is possible that the
findings reported in the studies of statins could be partly explained by a direct effect of statins on
glomerular filtration rate that is independent of a protective effect on kidney function, as has
been reported in one study.?*?

Adenosine Antagonists Plus IV Saline Versus IV Saline

Our analyses showed insufficient evidence to demonstrate an overall effect of theophylline or
aminophylline plus IV saline when compared with IV saline alone for the prevention of CIN.
There were wide variations in the effect estimates for individual studies, ranging from a ten-fold
decrease in the risk of developing CIN with theophylline!®® to an almost 6-fold increase in the
risk of developing CIN with theophylline.!¢” Although our test of heterogeneity demonstrated
that almost half of the uncertainty in the latter estimate could be explained by differences
between studies, the p-value around this estimate was not statistically significant. Clinically, the
variation could be explained by the heterogeneity of the populations in the studies, which ranged
from patients with stable coronary artery disease®® to those with moderate to severe chronic
kidney disease.’' A previous meta-analysis showed that the administration of theophylline or
aminophylline was associated with less of a decline in kidney function than if it was not given.?
However, IV saline was not administered in all the studies. In addition, the authors were unable
to comment on the incidence of CIN based on the information provided in the articles. The
authors of a meta-analysis looking at the effects of theophylline reported a trend toward a
reduction in the incidence of CIN with theophylline use, but noted that the findings were
inconsistent across studies.?*>

Overall, the evidence on the effects of adenosine antagonists on CIN was limited by medium
study limitations based on the five criteria described in the methods for assessing risk of bias for
individual studies, and considerable inconsistency and imprecision in the effect estimates. Only
one of the relevant studies looked at IV contrast media administration; this may be relevant
because the effect of prophylactic agents on CIN may differ depending on the route of contrast
media administration, as mentioned previously.®?*® The evidence also suffered from a lack of
reporting on secondary outcomes such as need for dialysis, prolonged hospitalization, in-hospital
mortality, and adverse drug effects. In this situation, the evidence seems insufficient to support
much investment in further studies of the use of adenosine antagonists in preventing CIN.

4

Renal Replacement Therapy Versus IV Fluids

Hemodialysis and hemofiltration are invasive and expensive procedures that carry risks, but
can remove some of the administered contrast. Our analyses did not demonstrate a decreased
incidence of CIN in individuals receiving hemodialysis. However, limitations of the studies we
found include small sample size, lack of rigorous controls, and uncertainties about the magnitude
of delays between contrast administration and initiation of hemodialysis.
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The studies comparing hemofiltration to IV saline reported that patients with severe chronic
kidney disease have a lower risk for CIN with hemofiltration, especially when hemofiltration is
started before the contrast media administration. These conclusions are limited by the fact that
we only found two studies reporting this, and both were from the same authors and same
institution. Another limitation is that the control groups received IV saline, while the patients
undergoing hemofiltration received IV sodium bicarbonate as part of the procedure.
Hemofiltration is expensive and requires patients to be admitted to and monitored in an intensive
care unit. Furthermore, based on the design flaws in the reported trials and the paucity of studies
examining this, further research is needed before proposing to expose patients to this invasive
procedure as a prophylactic measure. It is important to note that the benefit of hemofiltration was
only seen when it was initiated before the contrast media was given. Therefore, any added
benefit may not be from removal of the contrast media, and it is proposed that the benefit may be
secondary to the ability to provide more vigorous hydration. Clinical trials comparing
hemofiltration with IV fluid protocols, and stronger trials that include investigation of the
pharmacodynamics of the contrast media elimination during hemofiltration, may help better
understand this procedure and its potential benefits.

Several additional limitations should be noted. Renal injury after contrast media
administration occurs rapidly, and in these studies, hemodialysis may have been started too late
to provide a significant benefit. Furthermore, the removal of creatinine by hemodialysis or
hemofiltration limits the assessment of CIN as an outcome. While a false decrease in serum
creatinine due to hemodialysis or hemofiltration is expected to bias the results toward a
protective effect on the incidence of CIN, the results for hemodialysis actually suggested
possible harm. The lack of a clinical benefit of renal replacement therapy may also be secondary
to adverse events directly caused by the procedure (e.g., hypotension that may worsen kidney
injury). Based on these results and the limitations and risks of the procedures, evidence is
insufficient to support a clinically important benefit of renal replacement therapy.

Our findings coincide with the previously published systematic review by Cruz,?” which
concluded that renal replacement therapy does not provide any protection against CIN. That
systematic review included additional studies that did not meet our inclusion criteria (a total of
nine RCTs and two non-randomized RCTs).

Ascorbic Acid Versus IV Fluids

We found eight RCTs evaluating the use of ascorbic acid to prevent CIN. Our results showed
a clinically important and statistically insignificant effect on CIN when administered in
combination with IV fluids compared with IV fluids alone, and an unimportant effect when
administered in combination with IV fluids and compared with N-acetylcysteine. We saw these
results in populations with chronic kidney disease undergoing intra-arterial contrast media
administration for coronary procedures. Overall, the strength of evidence was low for the finding
that ascorbic acid given with IV fluids did not have a clinically important effect on preventing
CIN when compared with IV fluids alone.

These results are consistent with but not as strong as those shown by a recent meta-analysis
on the same comparison by Sadat el al.!81227232238 Sadat el al. included data from nine RCTs
comparing ascorbic acid with other treatments, and showed that patients receiving ascorbic acid
had 33 percent less risk of CIN than those receiving other interventions. Our analysis included all
of the five studies covered by Sadat et al. with the addition of one recent trial by Dvorsak et al.'®?
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Sadat et al.’s results may differ in that they included in their review the results of three abstracts
with positive results and another study that compared ascorbic acid versus N-acetylcysteine. !5

Based on our review, the dose, timing and duration of ascorbic acid administration for
prophylaxis against CIN did not affect the results. We also found that ascorbic acid did not have
a clinically important benefit when compared with N-acetylcysteine.

Miscellaneous Comparisons

Many studies identified in our search did not fall into any of the main comparison groups
listed above. For all of the miscellaneous comparisons, we were unable to support conclusions on
the effectiveness of one intervention versus the other in preventing CIN.

Surprisingly little evidence exists on the comparative effectiveness of different regimens for
giving fluids to patients receiving intra-vascular contrast media, despite the fact that current
clinical practice often involves use of oral hydration alone. Oral hydration is a simple and
potentially cost-effective strategy for preventing CIN, if proven to be as effective as IV saline.
Unfortunately, few studies investigated oral hydration versus IV saline. Hence, more studies are
needed to investigate the effectiveness of oral hydration versus IV saline, especially for intra-
arterial contrast procedures such as coronary angiography.

Overall Limitations

One of the biggest limitations of our systematic review is the marked heterogeneity of the
study protocols, populations, definitions of CIN, and follow-up times in the studies. The
heterogeneity limited our ability to assess all of the comparisons of interest. Because studies
varied in their use and definition of kidney insufficiency as an inclusion criterion, and often did
not report results stratified by baseline kidney function, it was very difficult to assess how the
effectiveness of interventions might vary according to baseline kidney function. The studies
generally did not report results in a manner that would permit assessment of how the effects of
interventions might differ by other characteristics of patients. Also, some of the studies we found
were excluded because their definition of CIN did not match our pre-specified definition; this is
one of the reasons why our findings sometimes differed from those of other meta-analyses. We
also found that studies examining the risk of CIN with different types of contrast media generally
provided little detail about clinical indications for the diagnostic or therapeutic procedures,
whether imaging was done on an urgent or elective basis or other details such as the severity of
renal impairment.

A major limitation is that it is very difficult to apply the existing evidence to patients
receiving IV contrast media because the vast majority of studies focused on patients receiving
intra-arterial contrast media. It is possible that the risk of CIN is very low with the LOCM and
IOCM protocols now used routinely with IV imaging. However, studies generally did not report
results in a way that allows for determination of how the effects of interventions might differ by
differences in the type, route, or volume of contrast media used.

Another limitation is that studies were very inconsistent in reporting on longer-term clinical
outcomes that would be more important to patients than whether their serum creatinine level
increased or their glomerular filtration rate decreased. In general, the evidence was insufficient to
support conclusions about the comparative effects of interventions on long-term clinical
outcomes.

The results of the review are susceptible to bias in the available evidence. Many of the
included studies had important study limitations, including problems with selection bias (from
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inadequate methods for allocating patients to treatment assignments), detection bias (from
limited blinding of outcome assessments), attrition bias (from incomplete outcome assessments),
and reporting bias (from selective reporting of outcomes). In addition, publication bias is a
concern in this body of literature, as reported by Vaitkus et al., 2007>*° who showed that the
estimated effectiveness of N-acetylcysteine was greater in published articles than in unpublished
abstracts. Despite our extensive search, we may have missed studies that have not been presented
in a publicly available forum. Although we did not find evidence of asymmetry of results by
study precision, statistical techniques have limited ability to detect publication bias. In general,
we would expect the overall results of existing biases in this body of evidence to lead to an over-
estimate of the effectiveness of interventions.

Although we included a broad search, our meta-analysis may overestimate the effect of
prevention strategies to reduce CIN if studies with negative results were not reported in the
sources we searched. The studies span over two decades and over time there may have been
changes in the practice of CIN prevention such as increased screening, variation in definition of
acute kidney injury, and variation in hydration. Such changes could contribute to observed
differences in outcomes.

It is beyond the scope of this report to make a recommendation about screening for CIN.
However, we acknowledge that CIN might be under-reported because patients often are
discharged immediately after the imaging procedures are done.

Finally, this comprehensive review highlights the generally low strength of evidence on
interventions for preventing CIN, while indicating that the greatest reduction in risk of CIN has
been achieved with low-dose N-acetylcysteine in patients receiving LOCM, or with statins plus
N-acetylcysteine.

Future Research

Populations

Future studies of the comparative effectiveness of interventions for preventing CIN should
stratify patients according to their baseline risk of CIN, especially since it may be difficult to
detect a difference in patients having a low risk of CIN. Patients with normal or near normal
serum creatinine may have a lower risk for developing CIN compared to those with higher serum
creatinine levels. Patients with risk factors for chronic kidney disease may have a higher risk of
developing CIN than patients without such risk factors, The risk of CIN may be low enough in
patients without diabetes mellitus or other risk factors, with the IV administration of LOCM and
I0OCM, to make it very difficult to demonstrate the effectiveness of an intervention for
preventing CIN. To determine the effectiveness of interventions for preventing CIN in patients
receiving IV contrast media, it may be necessary to perform large studies of patients having risk
factors for developing chronic kidney disease.

Interventions

Since there was evidence for a clinically important benefit when N-acetylcysteine or sodium
bicarbonate was given with LOCM, future studies could explore the effect by baseline risk of
developing CIN in patients receiving LOCM.

The clinically important benefit of statins demonstrated in this analysis provides a rationale
for further studies investigating whether the effect differs by statin dose, timing of
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administration, type of contrast media, or baseline risk of the patient population. Further
investigation into the findings on statins versus IV saline could be performed through
examination of the possible effect of risk modifiers such as baseline kidney function, concurrent
use of nephrotoxic medications, and patient demographics. Future studies could explore the
effect of statins on reducing CIN when contrast media is administered IV. In addition, studies
could be done in individuals without cardiovascular risk factors to determine whether the
effectiveness of statin therapy in reducing CIN occurs in the absence of the physiologic effects of
statins on co-existing cardiovascular disease.

Little evidence exists on the comparative effectiveness of different regimens for giving fluids
to patients receiving contrast media, despite the fact that current clinical practice often involves
use of oral hydration alone for studies performed with IV contrast media administration. Oral
hydration is a simple and potentially cost-effective strategy for preventing CIN, if shown to be as
effective as IV saline. Unfortunately, very few studies investigated oral hydration versus IV
saline. Hence, more studies are needed to investigate the effectiveness of oral hydration versus
IV saline, especially for intra-arterial contrast procedures such as coronary angiography.

Outcomes

Regardless of which populations or interventions are involved, it is important that future
studies use an accepted definition of CIN and report outcomes beyond CIN that are important to
patients. Critical for future studies is more standardized reporting on adverse outcomes such as
drug side-effects, need for hemodialysis, length of hospitalization, quality of life, and mortality.

Pathophysiology

The precise mechanism of CIN is not entirely understood. Some studies raise questions about
the strength of the relationship between contrast administration and CIN. Thus, uncertainty
persists about whether there is a direct causal relationship between administration of contrast
media and the development of acute kidney injury. This area of research was beyond the scope
of our review.*?3%24 To develop more effective interventions for preventing CIN, it may be
necessary to conduct additional research on the pathophysiological mechanisms by which
contrast media may contribute to acute kidney injury. It would be important to differentiate the
direct effects of contrast media from other factors that can contribute to acute kidney injury in
patients receiving IV or intra-arterial contrast media.
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Appendix A. List of Acronyms

% percent

ACE angiotensin-converting-enzyme
ACS acute coronary syndrome

ACT Acetylcysteine for Contrat-Induced Nephropathy Trial
AHRQ Agency for Healthcare Research and Quality
AKI Acute kidney injury

AKIN Acute Kidney Injury Network

ALT alanine aminotransferase

AMI acute myocardial infarction

ARB angiotensin Il receptor blockers
CHF congestive heart failure

Cl Confidence interval

CIN Contrast induced nephropathy
CKD Chronic Kidney disease

CM Contrast media

Cr Creatinine

CrCl Creatinine clearance

CT Computed tomography

eGFR estimated glomerular filtration rate
EPC Evidence-based practice center
ESRD end stage renal disease

GFR Glomular filtration rate

HD hemodialysis

HF hemofiltration

HOCM high osmolar contrast media

ICU intensive care unit

IOCM Iso-osmolar contrast media

[\ Intravenous

KDIGO Kidney Disease: Improving Global Outcomes
KQ Key Question

LOCM Low-osmolar contrast media

LVEF Left Ventricular Ejection Fraction
MACE Major adverse cardiac events
MeSH Medical subject heading

Ml myocardial infarction

NAC n-acetylcyateine

NaCL Sodium chloride

NaHCO3 Sodium bicarbonate

NR Not reported

NS Not significant

OR odds ratio

PCI percutaneous coronary intervention
PICOTS Populations, interventions, comparators, outcomes, timing, setting
RCT Randomized controlled trial

RIFLE Risk, Injury, Failure, Loss of kidney function and End-Stage kidney disease
RR Relative risk

RRT Renal replacement therapy

SD Standard deviation

SOE Strength of evidence

SrCr Serum creatinine

STEMI ST Elevation Myocardial Infarction
T2DM Type 2 diabetes mellitus

TOO Task Order Officer




Appendix B. Detailed Search Strategy

Database

Search

Notes

PubMed

(("Kidney diseases"[mh] OR "Kidney disease"[tiab] OR "kidney
diseases"[tiab] OR Nephropathy][tiab] OR "acute kidney
injury"[mh] OR "acute kidney injury"[tiab] OR “acute renal
injury”[tiab] OR "renal disease"[tiab] OR “renal diseases”[tiab])
AND ("contrast media"[mh] OR "contrast media“[tiab] OR
"contrast medium"[tiab] OR "contrast material"[tiab])) NOT
(animal[mh] NOT human[mh])

Embase

(‘contrast medium'/exp OR 'contrast medium'ab,ti OR
‘contrast media’:ab,ti OR 'contrast material':ab,ti) AND ('kidney
disease'/exp OR 'kidney disease":ab,ti OR 'kidney
diseases"ab,ti OR nephropathy:ab,ti OR 'acute kidney
injury:ab,ti OR 'renal disease"ab,ti OR 'acute renal
failure:ab,ti OR 'acute renal injury":ab,ti)

12151

Limit to humans (study type):
9972

Limit to Article, Review,
Conference Abstract, Conference
Paper, Short Survey, Article in
Press, Conference review
(Publication type): 8952

Cochrane

ID Search

#1 MeSH descriptor: [Kidney Diseases] explode all trees
#2 "kidney disease":ti,ab,kw (Word variations have
been searched)

#3 nephropathy:ti,ab,kw (Word variations have been
searched)

#4 "acute kidney injury":ti,ab,kw (Word variations have
been searched)

#5 "renal disease":ti,ab,kw (Word variations have been
searched)

#6 "acute renal injury":ti,ab,kw

#7 "renal diseases":ti,ab,kw

#8 #1 or #2 or #3 or #4 or #5 or #6 or #7

#9 MeSH descriptor: [Contrast Media] explode all trees
#10 "contrast media":ti,ab,kw (Word variations have been
searched)

#11 "contrast material":ti,ab,kw (Word variations have
been searched)

#12 "contrast medium":ti,ab,kw

#13 #9 or #10 or #11 or #12

#14 #8 and #13

Other reviews: 52

Trials: 368

Technology assessments: 4
Economic evaluations: 5




Appendix C. Screening and Data Abstraction Forms

Title
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Rethram U, Yesupalan RS, Sinha A,

Refid: 12, Skatehoards: Are they really perilous? A retrospective study from a district hospital.

Submit Form  and goto  or Skip to Mext

1. Does this title’abstract apply to any of the Key questions? (see PICOTS document for more detail)

Mo
Yes

Uncertain
Clear Response

Submit Form  and goto  or Skip to Mext

Abstract Screening— NO
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https://systematic-review.ca/Submit/RenderForm.php?id=4
am D - . | I cCD Project CIN User reneewilson (My Settings)
o0 I Stl e r‘_d‘, |\ [Messages 16 new
R s A -
Review Datarama Reports References Forms | Manage Levels Users Project ‘ Logout
Refid: 12, Skateboards: Are they really perilous? A retrospective study from a district hospital.
Rethnam U, Yesupalan RS, Sinha A

BACKGROUND: Skateboarding has been a popular
sport among teenagers even with its attendant
associated risks. The literature is packed with articles
regarding the perils of skateboards. Is the skateboard as
dangerous as has been portrayed?

METHODS: This was a retrospective study conducted
over a & year period. All skateboard related injuries seen
in the Orthopaedic unit were identified and data collated
on patient demographics, mechanism & location of
injury, annual incidence, type of injury, treatment needed
including hospitalisation

RESULTS: We encountered 50 patients with skateboard
related injuries. Most patients were males and under the
age of 15. The annual incidence has remained low at
about 10. The upper limh was predominantly involved
with most injuries being fractures. Most injuries occurred
during surmmer. The commuonest treatment modality was
plaster immobilisation. The distal radius was the
commonest bone to be fractured. Therewere no head &
neck injuries, open fractures orinjuries reguiring surgical
intervention

COMNCLUSION: Despite its negative image among the
medical fraternity, the skateboard does not appear to be
a dangerous sport with a low incidence and injuries
encountered heing not severe. Skateboarding should be
restricted to supervised skateboard parks and
skateboarders should wear protective gear. These
measures would reduc e the number of skateboarders
injured in motar vehicle collisions, reduce the personal
injuries among skatehoarders, and reduce the number
of pedestrians injured in collisions with skateboarders

Submit Form  and goto  or Skip to Next
1. Does this titlefabstract apply to any of the above Key questions?

@ Mo (answer reasons for exclusion)
Exclude article from review

Mo original data

Mo human data reported

Does not report an outcome of interest (see PICOTS)

Does not investigate an intervention of interest (see PICOTS)

Mo comparison group

short-term or long-tern followup periods are insufficient (see PICOTS)
Ahstract only

Qualitative study (focus group, directed interviews)

Does not apply to key guestions

Mo abstract (use only for clearly not applicable titles of articles 1-2 pages in length)
Clear Response

Yes (identify KO

Unclear (screen article)
Clear Response

8. Comment

PICOTS

Submit Form and goto or Skip to Mext
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! Refid: 12, Skateboards: Are they really perilous? A retrospective study from a district hospital.
; Rethnam U, Yesupalan RS, Sinha A

BACKGROUND: Skateboarding has been a popular
sport among teenagers even with its attendant
associated risks. The literature is packed with articles
regarding the perils of skateboards. Is the skateboard as
dangerous as has been portrayed?

Submit Form and goto  or Skip to Mext
1. Does this titlefabstract apply to any of the above Key questions?

Mo (answer reasons for exclusion)
@ Yes (identify KC1)

METHODS: This was a retrospective study conducted Include article for review
over a b year period. All skateboard related injuries seen
in the Orthopaedic unit were identified and data collated KG1: IV contrast media (comparative effectiveness of interventions to prevent CIN)

on patient demographics; mecha_m_ism &location of KQ2: |A contrast media (comparative effectivenass of interventions to prevent CIN)
injury, annual incidence, type of injury, treatment needed

including hospitalis ation KQ3: [V contrast media--comparative benefits and harms of the media

KQ4: 1A contrast media--comparative benefits and harms of the media
RESULTS: We encountered 50 patients with skateboard

related injuries. Most patients were males and under the Unclear (screen article)

age of 15, The annual incidence has remained low at Clear Response

about 10. The upper limh was predominantly involved B C :

with most injuries being fractures. Most injuries occurred OMINE

during surmmer. The commuonest treatment modality was

plaster immobilisation. The distal radius was the

commonest bone to be fractured. Therewere no head &

neck injuries, open fractures orinjuries reguiring surgical

intervention PICOTS

CONCLUSION: Despite its negative image among the Submit Form andgotn  or Skip to Next

medical fraternity, the skateboard does not appear to be
a dangerous sport with a low incidence and injuries
encountered being not severe. Skateboarding should be
restricted to supervised skateboard parks and
skateboarders should wear protective gear. These
measures would reduce the number of skateboarders
injured in motor vehicle collisions, reduce the personal
injuries among skatehoarders, and reduce the numher
of pedestrians injured in collisions with skateboarders.
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Refid: 12, Skateboards: Are they really perilous? A retrospective study from a district hospital.
Rethnam U, Yesupalan RS, Sinha &

BACKGROUND: Skatehoarding has been a popular SubmitForm andgoto  or Skip to Next

sport among teenagers even with its attendant ] - i
U AT sk T Tor AT 15 PG Had Wi Arti 23 1. Does this title/abstract apply to any of the above Key questions?
regarding the perils of skateboards. Is the skateboard as

dangeroUs s has BEen parrayed? No (answer reasons for exclusion)

e (identify KQ)

METHODS: This was a retrospective study conducted & Unclear ¢soreen article)
over a 5 year period. All skateboard related injuries seen
in the Qrthopaedic unit were identified and data collated Mo abstract available: title appears applicable

on patient demographics, mechanism & location of
injury, annual incidence, type of injury, treatment needed
including hospitalis ation

Other reason
Clear Response

Clear Response
RESULTS: We encountered S0 patients with skateboard P

related injuries. Maost patients were males and under the 6. Comment
age of 15. The annual incidence has remained low at

about 10. The upper limb was predominantly involved

with most injuries being fractures. Most injuries occurred

during summer. The commanest treatment modality was

plaster immobilisation. The distal radius was the PICOTS

commaonest bone to be fractured. There were no head & -

neck injuries, open fractures ar injuries reguirng surgical Submit Form andgato  or SKip to Next
intervention

CONCLUSION: Despite its negative image among the
medical fraternity, the skateboard does not appear to be
a tlangerous sport with a low incidence and injuries
encountered being not severe. Skateboarding should be
restricted to supervised skateboard parks and
skatehoarders should wear protective gear. These
measures would reduce the number of skateboarders
injurect in motor vehicle collisions, reduce the personal
injuries among skateboarders, and reduce the number
of pedestrians injured in collisions with skateboarders
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Submit Form andgoto  or Skip to Next
1. Does this ARTICLE apply to any of the above Key questions?

% Nao(answer reasons for exclusion)
BExclude article

Mo onginal data
Mo human data reparted
Does not report an outcome of interest (see PICOTS)
Does not investigate an intervention of interest (see PICOTS)
Mo comparison group
study compared an intersention of interest to & comparator of interest, but the patient groups being compared were fundamentally diferent
short-term or lang-tern followup periods are insufficient (see PICOTS)
Abstract only
Qualitative stuchy (fFocus group, directed interviews )
Does not apply to key questions
Mo abstract (use only for clearly not applicable titles of articles 1-3 pages in length)
Maon-English language (identify language if possible)
Clear Response

Yes (identify KQ)

Flag for discussion ( ONLY use this option where queries can not be answerd by e-mail)
Clear Response

6. Comment

PICOTS

Submit Form andgoto  or Skip to Next
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Refid: 12, Skateboards: Are they really perilous? A retrospective study from a district hospital.
Rethnam U, Yesupalan RS, Sinha A.

Submit Form and goto  or Skip to Next
1. Does this ARTICLE apply to any of the above Key questions?

Mo (answer reasons for exclusion)
# Yes (identify KQ)
Include article for data abstraction

KQ1: IV contrast media (comparative effectiveness of interventions to prevent CIN)
KQ2: 1A contrast media (comparative effectiveness of interventions to prevent CIN)
KQ3: IV contrast media--comparative benefits and harms of the media
KQ4: |A contrast media--comparative benefits and harms of the media

Flag for discussion { OMLY use this option where gueries can not be answerd by e-mail)
Clear Response

8. Comment
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1. Doesthe study report baseling charactedstics for subgroups seperately?

{e.q., I administration and |A administration)

e Yes
Mo
Clear Response

2. Idertify group for baseline characteristics

You can submi this form muttiple time)

Salect an Answer

Users Project Logout

Arm 1 (controlfusual care) A 2

ANM 3

jarm 4

jarm &

3 4

8. Mathaseline

Taotal M

Arm1 (controlfusual care ) n
Amn 2

Am 2

A 4

Amm g

Mot reported

Followsup

Mean, median, maxmin...|Units

kel 10

Mot reported
Clear Response

1 12

Select an Answer

Sealect an Anawer

13 Sex

% reported

Overall Group Arm 1

Arm 2

Arm 3

Arm 4

Amh 5
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wemen, % wamen, % womaen, % women, % women, % wemen, %
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20 Age
# reporod

(Overall Group Arm 1 Arm 2 (Arm 3 [Arm 4 Am 5

21 22. 23, 24, 25. 26.
mean mean mean maan mean mean
Medan Median Median Madian median median
Range Range Range Range range range

not reported

27. Racelethnicty
@ Reported
(Qverall Group Arm 1 (Arm 2 [Arm 3 &rm 4 Arm 5

(White ron-Hispanic 8. Eey 30 1. 32, [33.

n n n n n n
% % % % % %

Bleck. non-Hispanic 34, 35, 36 37 A 39,

n n n n n n

% % % k] k] b
LatnaMispanic 40, 41 42 43 44 45

n n n n n n

k] % % k] £ %
[Asan/Pacife lslander 45, 47 48 49 50 51

n n n n n n

=% % “% - % %

[Amarican Indian/Alacka Natve B2 63, 64 E6. B8, 67.

n n n n n n
% % “% % % %
68. Cther Ba. 60. 61 €2, B3 64
n n n n n n
% % “ k] k] “
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nck reperted
T8 Education
* Reported
Cverall Group Am 1 (Arm 2 Am 3 (Arm 4 Arm §
= High School BO 81, a2 B3 84 LN
n n n n n n
k3 % * % % %
C.omplated High Schod 85 87, L CE] 90 a1
n n n n n n
L £ L % % %
(Cosege Degreo 3 a3, 73 o5, m a7,
n n n n n n
% % % L] % L
Post-graduate Degree 8. 96, 100. 101, 102 103,
n n n n n n
% % % % % £
Years of education 104, 105, 106. 107 108, 108,
mean mean mean mean mean
median mecian median median
min min min min
max meax max max max max
110. Other i, 12, 13, 114, 15 116,
n n n n n n
% = * % % %
17, Other 18 18, 120 12 122 123,
n n n n n n
% = * % “ %

3ol s
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124. Other 128 126. 127, 128 129. 130
n n n n n n
% % % % % %
not reported
131. Smoking
@ reponed
Overall Group Amm 1 Arm 2 Arm 3 Am 4 Arm 5
Current[132. 133 134, 136. 136. 137
n n n n n n
% % % % % %
Former [138. 139 140 141 142 143
n n n n n n
% % % % % %
Ever 144, 145, 148. 147, 148, 148,
n n n n n n
% % % % % %
Never |150. 151, 152, 153, 184. 155,
n n n n n n
% % % % % %
not reparted

156. Is the entire study population a subgroup (all particiupants have a specific disease or condition)?
o Yes

Condition Define

Renal insufficiency (included CKD) 157

Diabetes 158,
On Dialysis 158,
160, Other 161,
162. Cther 163.
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Intervention Description
Key Questions 1 and 2
The foitowing questions are in place to identify the contrast media (CIV) used int the study.

THIS IS NOT 2 KQ 2 study it
The Cifare being compared and no pr

are being used.

1. Does the study repont Interventions for subgroups seperately?
(e.0., IV administration and 1A administration)
= Ves
2. |dentify group for baseline characteristics
(vou can submit this farm muttiple time)

Select an Answer

Mo
Clear Response

3. Contrast Media used

lodixanol
lohexal
lomepral
laparridal
lopental
Inpromide
10 aglate
Inxilan
LOCM
10CM
Mot specified
Other description
4. Contrast media administration route

v
1A

= Mot specified

Other
Clear Response

5. Dose
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Define
Not specfied

o

Duratian

Defing

Mot specified
Clear Response

-

“olume

Defing

The following questions are i place o Jdnctily and desernbe QITVETERG MOTsUIes for G,
Use Arm 1 EXCLUSIVELY for the control or standard care intervertion, If there & not control, keave those columns Biank under Arm 1
NOTE: tha Arms balow sheuld mateh teh Arms described in the participant charactristics ferm.
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A 1 [eonirobusual can) arn 2 EZE] 2rm 4 A &

[ Admmiri station] g 10 1 12

route
NO CONTROL OR USUAL CARE aral oral Ora Ord
aral w W v v
w Mot reparted Mot reportea Not reported Net reported
Mot reparted Cther atner Otner Other
Other

Dose 13 14 15 3 17

Curation 18 B 0 21 22

Temparal |23 24 2% 26 27

association to

cm Pricr to CM admin Pricr to CM admin Priar to CM admin Prioe 10 CM admin Prioe 1o CM agmin
During CM agenin During CM agenin During CM admin During CM admin During CM admin
After CM admin After CM admin After CM admin Aer CM admin Aer CM admin
Mot stated Mot statea Mat stated Not stated Not stated
Otrier Cther ather Otner Other

[Cmer oetails [28 29 n 31 52
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Intervention Description
Key Questions 3_4

The following questions are in place to idnetify and desaibe contrast media (Chouly.

Use Arm TEXCLUSIVELY for the control or standard care intervention. I there Is no control, leave those colunms blankunder Arm 1

MOTE: the Arms below should match the Anms described in the participant characteristics form

1. Doesthe study report Interventions for subgroups seperately?
(2.0, I administration and 1A administratior)

¢ Yes
2. Idertify group for baseling characteristics
vou can submit this form muttiple time)

Belect an Anawer

Mo
Clear Response
[Arm 1 (controliusual care) Arm 2 Arm 3 Arm 4 Arm 5

Cantrast 3 4 ] [ 7

M edium

(Media) used lodixanal lodixanol lodixanal lodixanol lodixanal
lohexol Iohexol lohexol Iohexol Iohexal
Iomeprol Iomeprol lomeprol lomeprol Iomeprol
|opamidal |opamidol lopamidol Iopamidal lopamidol
Iopentol Iopentol Ioperital lnpentol Iopental
loprormide loprormide loprormide loprormide lopromide
Ioxaglate Ioxaglate Ioeaglate lnxaglate Ioxaglate
loxilan loxilan laxilan loxilan loxilan
LOCM LOCM LOCM LOCM LOCM
10CHM [e]e] 10CHM 1QCH [ee]
Mot specified Mot specified ot specifisd ot specified Mot specified
Other description Other description Other deseription Other deseription Other description

A drrinistration| 8. 9 10 11 12

route
NO CONTROL OR USUAL CARE I I 4 I
I 14 12 14 14
n Nt reported Mot reported Mot reported Nt reported
Mot reported Other Other Cther Other
Other
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Adverse events
1. Did this study report adverse events?

o Yes (inclueds a explicite report of no acdverse events)

Harm Describe

Imaging delay 2

Meed for additional imaging

Fluid overload

Heart failure

Anaphalaxis

7. Other
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Risk of Bias

1. Choose primary outcome (if study has more than 1 primary/main outcome, this form will need to be filled out multiple times).

Select an Answer

The full Cochrane Riskl of Bias tool can be accessed here: http:fohg.cochrane orgfsites/ohg.coch orgffiles/upload
TRisk%200f%20bias%20assessment?%20tool pdf

Please refer to the link above while performing RoB

Domain Desription Review Author's Judgement
...does the study:
Sequence Generation Describe the method used to g the i q in ient detail to allow an 2. Was the allocation sequence
assessment of whether it should produce comparable groups. adequately generated?

Select an Answer

w

Allocation Ceoncealment Describe the method used to conceal the ! in sufficient detail to . Was allocation adequately
hether int iti Nocati could have been foreseen in advance of, or during enrollment. concealed?

Select an Answer

Elinding of Participants, Describe all measures used, if any to blind study personnel and participants from knowledge of |4. Was knowledge of the allocated

Personnel, ad Outcome  (which intervention a participant received. Provide any information relating to whether the 7 p ted
ASSBSSOrS intended blinding was effective. during the srudy?

Assessments should be

made for each main Select an Answer

outcome or class of
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Incomplete Outcome Data

Dexcribe the completeness of outcome data for each main outcome, including attrition and

5.

Were incomplete oucome data

Assessments should be | exclusion from the analysis. State whether attrition and exclusions were reported, the numbers adequately addreszed?
made for each main in each intervention group pare with total randomized participants), reason for
outcorme or class of attrition/exclusions where reported, and any re-inclusions in analyses performed by teh review Select an Answer
outcomes authors.
Selective Outcome Stabe how the possibility of selecti e reporting was examined by the review authors, 6. Are reports of the study free of
Reporting and what was found suggestion of selective outcome
reporting?
Select an Answer
Cther Sources of Bias Stake any important concerns about bias not add in the other d ins in the tool, 7. Was the study apparently free of

other problems that could put it at
a high risk of biase?

Select an Answer

&. Comments
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